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INTRODUCTION 

Feeds  have  been  classified  by  animal  nutritionists  into 
three  main  groups.  They  are  roughages,  concentrates,  and  roots. 
A  part  of  the  group  known  as  concentrates  are  to  be  discussed 
in  this  paper.   The  concentrate  feeds  concerned  are  classi- 
fied as  high  protein  feeds  or  protein  supplements.  These 
protein  supplements  are  soybean  oil  meal,  linseed  oil  meal, 
cottonseed  oil  meal,  and  soybeans.  A  protein  supplement  has 
been  defined  as  a  feed  which  is  added  to  the  livestock  ration 
for  the  sole  purpose  of  adding  the  nutrient  protein. 

The  problem  facing  the  livestock  feeder  is  the  determina- 
tion of  which  supplement  is  most  economical  to  buy  and  feed. 
It  has  been  snown  that  most  farm  rations  need  some  supple- 
mentary protein  to  balance  the  ration.   Under  average  condi- 
tions the  farm  livestock  ration  made  up  entirely  of  farm 
raised  feeds  does  not  contain  sufficient  protein  for  maxi- 
mum growth  or  for  economic  production,  therefore,  to  balance 
the  ration  most  livestock  feeders  must  purchase  protein. 

Protein  supplements  are  normally  much  higher  in  price 
than  roughages,  roots,  or  grains.   Because  of  this  higher 
price,  even  though  only  small  amounts  are  normally  fed,  they 
make  up  a  rather  sizable  portion  of  the  cost  of  the  ration. 
Since  protein  supplement  purchases  amount  to  a  fairly  large 
expense  to  the  feeder,  it  is  important  to  select  the  most 
economical  feed.  Thus  a  need  is  shown  for  the  development 
of  a  choice  indicator  since  these  feeds  are  not  all  of 


equal  feeding  value  and  th9y  saldoa  sail  for  the  same  price. 
Any  one  particular  supplement  may  be  worth  more  for  one 
type  of  livestock  than  for  another.   The  classification  of 
these  various  protein  supplements,  according  to  their  value 
for  the  different  species  of  livestock,  la  an  important 
problem  which  is  to  be  discussed. 

The  general  purpose  of  this  thesis  is  to  review  a  num- 
ber of  previously  expounded  methods  of  compsrlson  in  order  to 
examine  their  value  as  guides  to  more  economical  feed  buying. 

A  number  of  noted  animal  nutritionists  have  stated  that 
the  most  accurate  method  of  feed  evaluation  is  one  which  uses 
actual  results  of  experiments  with  the  different  types  of 
livestock.   Therefore  the  hypothesis  which  has  been  presented 
1st   The  use  of  actual  experiments  conducted  by  experiment 
stations  provide  us  with  a  method  of  feed  evaluation  which 
is  most  accurate  due  to  its  closer  relationship  to  actual 
farm  feeding  conditions.   It  distinguishes  between  the  dif- 
ferent classes  of  livestock,  thus  making  it  more  specific 
than  other  methods. 

Thus  a  more  specific  purpose  is  to  determine  the  most 
accurate  method  of  protein  supplement  evaluation  and  to  pro- 
pose relative  feeding  values  In  a  simple  form  which  can  be 
used  by  livestock  feeders  in  more  economical  feed  buying. 

Once  the  decision  has  been  made  as  to  which  of  the  methods 
proposed  is  most  accurate,  it  then  becomes  necessary  to  use 
this  method  in  comparison  with  actual  market  prices  to  deter- 
mine its  accuracy  for  future  use  by  livestock  feeders.   The 
relative  feeding  values  proposed  plus  the  relative  prices 


will  then  provide  the   tools  necessary  for  decision  making 
relative  to  which  supplement   is  most   economical  at  any  par- 
ticular time  for  any  particular  class   of   livestock. 

The  scope  of  this   paper  Includes   only  the  determination 
of   the  relative  feeding  value  of   the  various   feeds    for  ruminant 
animals.      In   particular   those  are  dairy  cows,   fattening  year- 
lings and   two  year  old  beef   cattle,  fattening  beef   calves, 
wintering  beef   cattle,   and  fattening  sheep. 

The   protein   supplements   concerned  are  defined  in  the 
following  manner: 

Soybeans—the  grain  or   seed  harvested  from  the  soybean 
plant. 

Cottonaaed  meal--is  a   product   of  the  cottonseed   only, 
composed   principally  of   the  kernel  with  such   portion  of   the 
hull  as   is  necessary  in  the  manufacture  of   oil;    provided  that 
nothing  shall  be  recognized  as   cottonseed  meal  that  does  not 
conform  to  the  foregoing  definition  and   that  does  not  contain 
at  least   36  percent  of   protein.! 

Linseed   oil  meal— is    the   product  obtained  by  finely 
grinding  the  cake,   chips   or  flakes   obtained,   according  to  the 
purposes   employed,   in  the   production   of   linseed  oil.      It  must 
be  designated  and   sold  according  to  its   protein  content  and 
its  name  must   include   one  of   the  terms   "hydraulic",   "expeller", 


Official  definitions   from  the  Official   Publication   of 
the  Association  of  American  Feed  Control   Officials,   Inc. ,    lqgii. 
L,    C    Bopst,    Executive  Secretary,    College   Park,   Maryland,    pp. 
23,  29  and  kO. 


or  "solvent  extracted"  to  specify  the  method  of  manufacture 

of  the  source  material.  The  flakes,  chips  or  cake  are  obtained 

by  removal  of  most  of  the  oil  from  flaxseed.  1 

Soybean  oil  meal— -is  designated  by  the  method  of  oil 
removal  and  it  is  the  product  resulting  from  the  grinding  of 
chips,  cake  or  flakes.   It  is  the  product  obtained  after 
removal  of  most  of  the  oil  from  soybeans.  After  removal  of 
the  oil  the  product  is  cooked.   It  shall  be  designated  and 
sold  according  to  its  protein  content. 2 

METHODS  OF  PROTEIN  SDPPLSMHNT  COMPARISON 

Protein  supplement  evaluation  cannot  be  made  until  it  is 
known  which  of  the  various  methods  of  evaluation  is  most  ac- 
curate. Due  to  the  fact  that  there  is  considerable  disagree- 
ment among  nutritionists,  a  considerable  portion  of  this  thesis 
is  devoted  to  a  discussion  of  these  different  methods. 

Total  Crude  Protein  Method 

Comparison  by  this  method  constitutes  the  buying  of  pro- 
tein supplements  according  to  the  least  cost  per  pound  of 
total  protein  contained  in  the  feed.  Thus  two  supplements 
which  are  priced  the  same  in  the  market  place  but  have  dif- 
ferent total  protein  contents  would  not  be  of  equal  value. 


^■Ibld. 
2Ibid. 


It  would,  in  this  case,  be  most  economical  to  buy  the  supple- 
ment with  the  greatest  crude  protein  content. 

Those  persons  who  follow  this  method  believe  It  to  be  a 
relatively  simple  one  since  the  farmer  can  readily  compute 
the  cost  of  a  pound  of  total  protein  when  he  has  available 
the  price  of  the  feed  and  the  protein  content  which  is  given 
on  the  feed  tag.   One  follower  of  this  method  makes  the  fol- 
lowing statement  in  a  book  on  sheep  science: 

Since  there  seems  to  be  little  difference  in  value 
In  the  proteins  from  various  sources,  the  relative 
values  of  these  materials  are  very  close  to  their  res- 
pective protein  contents.  Hence,  in  purchasing  these 
materials,  it  seems  that  the  best  basis  on  which  to  pur- 
chase them  is  the  cost  per  pound  of  protein  rather  than 
the  cost  per  pound  of  meal.l 

What  do  these  men  such  as  Prof .  Kammlade  base  their  deci- 
sion upon?  Do  they  use  animal  experiments  to  make  such  a  state- 
ment or  is  it  because  they  feel  one  unit  of  protein  is  the 
same  whether  it  comes  from  soybean  meal  or  linseed  meal?  That 
is,  can  they  back  up  such  statements,  by  quoting  animal  hus- 
bandry experiments  or  are  they  merely  generalizing  from  the 
assumption  that  ruminant  animals  can  utilize  or  digest  protein 
of  low  quality  as  well  as  they  can  protein  of  good  quality. 
This  question  is  discussed  further  in  a  later  section  of  this 
thesis. 

Probably  the  most  important  disadvantage  of  this  method 
is  that  crude  protein  content  does  not  show  the  feeder  how  much 


%.  G.  Kammlade,  Sheep  Science,  p.  286. 


of  that   protein   is  available  to  the  animal.     As  only  the 
digestible   part   of   the   protein  can  be  utilized  by  the  animal, 
it  is   this   portion  which  determines   the  value  of  any  protein 
•uppleraent.      Total   protein,   as   Prof.  Kammlade   states,   may  in 
general  reflect  a   feed's   actual  value  but   this   is  not  always 
true.     A    protein  supplement  can  be   produced  which  has  very  low 
digestibility,   yet  according   to  the   total  protein  content  it 
could   still  have  a  relatively  high  value.     Also,   improper 
cooking  of  any  of  the   protein  meals,  although  they  may  have  a 
high  total   protein  content,  may  result  in  relatively  low  di- 
gestibility.     Thus   there   is   the   possibility  that   this  method 
of   evaluation  may  not  be  as  valuable  as   it   is   felt   to  be  at 
the   present   time. 

Total  Digestible   Protein  Method 

Comparison  by  this  method  constituted  computing  the  cost 
per  pound  of  digestible  protein  of  the  supplements  and  deter- 
mining the  lowest  in  cost.  The  feed  with  the  lowest  cost  per 
pound  of  digestible  protein  would  then  be  the  most  economical 
to  buy. 

Essentially  a  description  of  this  method  would  be   to  find 
the   total   protein  content   of   the  different  feeds  and  make  use 
of  a   table  such  as   Table  I   in  Morrison's  Feeds  and  Feeding.* 
This   table  contains   the  digestion  coefficients  for   protein 


Frank  B.   Morrison,   Feeds  and  Feeding,    p.    1036. 
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contained  in  soybean  meal,  linseed  meal,  cottonsoed  meal 
and  soybeans.   These  digestion  coefficients  show  the  percent- 
age of  each  nutrient  contained  in  a  particular  feed  which 
experiments  have  shown  to  be  digested  by  animals.   Computa- 
tion of  the  digestible  protein  contained  in  a  feed  would  then 
be  found  by  multiplying  the  digestion  coefficient  by  the  amount 
of  total  protein  in  the  feed.   Division  of  the  number  of  pounds 
of  digestible  protein  contained  in  a  ton  of  the  feed  into  the 
cost  per  ton  of  feed  would  give  the  actual  cost  per  pound  of 
digestible  protein  in  the  feed.  Digestible  protein  is  what 
the  animal  can  usef  therefore,  its  cost  seems  more  Important 
that  the  cost  of  total  protein. 

The  prinoipal  disadvantage  of  this  method  is  the  lack  of 
knowledge  of  these  digestion  coefficients  among  the  farmers 
and  dairymen  who  use  the  feeds.   If  the  digestion  coefficients 
were  made  generally  available,  then  this  problem  would  be  at 
least  partially  solved. 

A  method  which  could  be  used  to  present  these  coefficients 
to  the  feeder  would  need  to  be  relatively  simple  and  easily 
understood.  A  suggested  method  would  be  to  devise  a  table 
showing  the  value  of  each  of  the  feeds  in  relation  to  soybean 
meal  as  the  base  feed.   Table  1  shows  a  proposed  method  of 
indicating  the  relative  feeding  value  of  the  various  feeds  by 
use  of  average  total  protein  content  and  the  coefficients  of 
digestibility. 


Table  1.  Helatlve  feeding  values,  ualng  digestion  coefficients 
and  the  crude  protein  content  of  the  different 
supplements.* 


i ft) 1 TO  i  I 

j     Average      :     Digestion  !   Dig.  :  Relative 

Feed  l      protein      s    coefficient  :    prot.  :   feeding 

:     content      :      (percent)b  :    (A  x  B)  s     value6 


Soybean  meal 

ia 

81+ 

3I+.1A 

100.00 

Unseed  meal 

* 

87 

29.56 

85.89 

Cottonseed  meal 

1+1 

83 

31+.03 

98.81 

Soybeans 

37.9 

n 

33.73 

97.91+ 

aSource«     F. 

B.   Morrison, 

feeds 

and 

Feeding. 

Appendix 

Table  I. 

^This   shows    the  relative  value   of   the  amount  of  digestible 
protein  in  soybeans,   cottonseed  meal  and   linseed  meal  compared 
to  soybean  meal. 

The  principal  disadvantage   in  the  use  of   this   particular 
table  is   that   it  does  not   show  any  difference  between   the 
feeding  value  of  a   supplement   for  the  different  classes   of 
livestock. 

Let  us  compare   the  digestible   protein  and  crude   protein 
methods   of   protein  supplement   evaluation  and   see  what  has 
occurred   over   the   past  23   years. 

In  order   to  make  a   comparison  of   these   two  methods   of  feed 
evaluation  a  decision  had   to  be  made  as   to  what   prices  and  what 
protein  content   should  be  used  for  the  different  supplements. 
It  was  decided   that  cash  prices   on  the  Kansas   City  market  would 
reflect  Kansas   conditions  more  accurately  than  any  other  set 
of  prices.      The  reason  for  this   Is   that  Kansas  City  is   the 


central  market  for  most  of  KunsaB  and  prices  in  the  local  areas 
are  a  reflection  of  that  market.  The  prices  used  in  this 
tabulation  are  the  calendar  year  prices  averaged  from  the 
high  and  low  daily  cash  price  for  soybean  meal,  cottonseed  meal, 
and  linseed  meal.  Soybean  prices  used  were  the  average  price 
received  by  Kansas  farmers  for  number  two  soybeans.   Soybean 
cash  price  was  not  used  as  wo  are  concerned  with  the  soybeans 
fed  on  the  farm  where  they  were  raised.   Only  prices  from 
January  1932  to  December  195^  were  used  as  it  was  felt  that 
the  last  two  decades  would  result  in  a  more  accurate  evaluation 
of  any  future  price  trends  than  earlier  years.  The  prices  used 
are  shown  in  Tables  7,  8,  9  and  10. 

The  protein  percentages  used  wore  represented  in  the  price 
quotations.   To  determine  digestible  protein  the  digestion 
coefficients  given  in  Morrison's  Feeds  and  feeding  were  mul- 
tiplied by  the  protein  composition  given  in  the  price  quota- 
tions. 

Table  2  is  presented  to  show  the  average  yearly  cost  per 
pound  of  total  protein  and  per  pound  of  digestible  protein 
for  the  four  feeds  on  the  Kansas  City  cash  market  for  the 
period  1932  to  195^.   The  source  of  the  prices  used  was  the 
Kansas  City  Grain  Market  Review  and  the  Annual  Farm  Facts 


publications  of  the  Kansas  State  Board  of  Agriculture. 

Figure  1  was  derived  from  Table  2.   It  shows  the  relation- 
ship between  the  four  supplements  when  their  average  protein 
content  and  average  yearly  price  are  used  to  determine  the  cost 
per  pound  of  total  protein.  This  figure  shows  that,  during 
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.029L 
.0336 
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.0293 
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1933  .0279 
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.04.61 

.0365 
.04.51 

.0416 

.0530 

.0670 
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.0537 
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.0390 
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.0590 
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11 

Table  2.      (continued) 

dPrice  data  was   based   on  lj.1  percent   total   protein  neal 
except   for   1951  to  195k  which  were  baaed   on  )4\-  percent   total 
protein  meal. 

*Price  data   for   soybeans  was   based   on   the  average  total 
rirotein  content  from  Morrison,   Feeds   and  Feedins,   Table  I, 
p.   1086. 
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the  entire   period,    soybeans  and   linseed  meal  were  higher   in 
price   per   pound   of   protein   than  cottonseed  meal  and  soybean 
meal.     This   shows,   using  total   protein   cost  as   the  choice 
indicator,   that   it  would  have  been  uneconomical   to  buy  soy- 
beans  or   linseed  meal  for  feeding  to  livestock.     Since  cotton- 
seed meal  and   soybean  meal  alternated   in  being  the  cheapest 
in  coat   per   pound   of   total   protein,    the  buyer   than  maintained 
minimum  cost  conditions  would  have  alternated  between  these 
two  feeds.      The  question  was   then  raised  as   to  whether  tha 
digestible-  protein  method  would  have   shown  different  results. 

Figure  2   shows   the  comparison  of  the  prices   of  the  four 
feeds  according  to  the  cost  per   pound  of  digestible   protein. 
This   figure   shows  a   good  deal  of  similarity  to   the  .Figure  1. 
Cottonseed  meal  and   soybean  meal  have  been  the  lowest   in 
cost   per   pound   of  digestible   protein  during  the   period. 
Thus  a   comparison  of   these   two  figures   shows  a   great  deal  of 
similarity  when  the  average  yearly  prices   of  the  feeds  were 
used. 

Digestible   Protein  and  Non-protein  Digestible  Nutrients 

This  method  was  devised  by   Prof.    Peterson  of   the  Minnesota 
3xperiment  Station  for   the  comparison  of   the  various   common 
feeds  with  the  two  most   important  concentrates   of    the  time. 
He  compared  the  nutrient  contents   of  corn  and   cottonseed  meal 
with  the  various   other  feeds.      This  method  was   formulated  for 
the  prime   purpose  of  determining   the  relative  feeding  value 
of  certain  animal   feeds   in  relation  to  the  actual   prices   of 
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corn  and  cottonseed  meal.      The  feeding  value    (ca3h)    of  any 
feed   in   comparison  with   the  cash  value  of   corn  and   cotton- 
seed meal  varies  any  time   the   price  ratio  between  these  two  base 
feeds   varies.      Therefore   constants  were  devised  which  show   the 
change  in  value  of   the   particular  feed  in  relation   to  a   ten 
dollar  change   in  the   price  of  corn  and  a   ten  dollar  chance 
in  the   price  of  cottonseed  meal.     Those  constants   can  then  be 
used  at  any  time  to  ^ive  the  value   of  a   feed   in  relation  to 
the  base  feed   prices.     To  determine  the  value  of  a   feed,   these 
constants  are  multiplied  by  the  cost  of   corn  and   the  cost  of 
cottonseed  meal,   at  any   time,   and  will  give  the  approximate 
value  of  the  feed   in  question.1 

Prof.   Morrison  has  also  devised  a   set  of   constants   using 
the   Peterson  method.     Morrison  usee  net   energy  values   instead 
of  digestible  nutrients  because  he  believes  net   energy  values 
more  rccurately  show   the  feed's  value  to  the  animal.     Morrison's 
method   Is  most  valuable   in  the   comparison  of  roughages,   as 
these  feeds  high   in  fiber  require  a  greater  amount   of  energy 
to  be  digested   than   low  fiber   feeds. 2 


^W.    E.    Peterson,    Journal   of  Dairy  Science,    Volume   15, 
1932,   No.   Ij..     For  more  detailed   statement   of   this  method   check 
this  reference. 

2i?rank  B.   Morrison,    Personal  correspondence  with   the  author. 
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Digestible   Protein  and  Net   Energy  Values 
Method   of  Feed   Evaluation 


This   is   the  method   used  by  Morrison,   and  the  constants 
prepared  are  6lven  *n  Appendix  Table  II  of  Feeds  and  Feeding. 
The  following  table  shows    the  constants  which  were  derived 
for   the  protein   supplements  with  which  we  are   concerned. 

Xable  3.      Excerpts  from  Table   II,   Morrison's   Feeds  and  Feeding.1 


Feeding  stuff 


feed   evaluation  factors 


Constant 
f  or   c  orn 


Constant 
for   soybean 
meal 


Corn,   dent,   No.   2  1.000 

Soybean   oil  meal   expeller,   or 
hydraulic   process,   all  analysis 

Cottonseed  meal,   I4.3X  protein 

not   inc.    Texas  analysis  .003 

Cottonseed  meal,   l\.l%  protein  .0?2 

Linseed  meal,    old    process 

all  analysis  .202 

Soybean   seed  .2$C 


1.000 

.978 
.876 

.792 
.861 


In  deriving  these  constants  no  regard  was  given  as   to  the 
different  values   for   the  different  species.      Most   of  the  work 
on    protein  digestibility  and   net    energy  values   has   been  done 
with  fattening  lambs  and  fattening  or  wintering  beef   steers.2 


Morrison,    0£.    ci_t . ,    pp.    1135-111*2. 
2Ibid.,    p.    108l».. 
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The  values  are  assumed  to  be  the  same  for  the  other  types  of 
livestock.  Although  this  may  be  an  erroneous  assumption  In 
certain  cases,  it  was  felt  that  this  method  was  as  ^ood  aa 
any  available  for  determining  the  value  of  various  feeds  In 
relation  to  the  actual  value  of  two  feeds. 

Use  of  a  Summary  of  tho  hesults  of  Animal  experiments 
as  a  Method  of  Protein  Supplement  Evaluation 

A  large  number  of  feeding  trials  have  been  carried  on 
comparing  the  different  protein  supplements.   These  feeding 
trials  have  been  conducted  in  order  to  determine  which  feed 
is  the  most  valuable  for  feeding  any  particular  type  of  live- 
stock. Since  the  feeding  of  any  feed  to  livestock  should  show 
its  actual  value  to  the  animal,  a  summary  of  a  large  number 
of  experiments  comparing  different  supplements  should  result 
in  an  accurate  evaluation  of  the  feeds.   There  are  some  nu- 
tritionists who  feel  that  these  feeding  results  determine 
the  actual  feeding  value  of  a  feed  more  accurately  than  any 
numerical  computation  possibly  could.  ?rank  B.  ilorrison  has 
made  the  following  statement  in  praise  of  the  use  of  tuis 
method  to  determine  the  value  of  any  feed  in  relation  to 
another  feed  of  the  same  general  classification. 

The  best  guiaea  to  the  relative  values  of  various 
feeds  for  any  class  of  stock  are  furnished  by  the  re- 
sults of  actual  feeding  experiments  with  that  parti- 
cular class  of  stock. 1 


1Ibid.,  p.  1133. 
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For  greatest  accuracy  In  the  use  of  this  method,   the 
experiments   summarized   should  be  aa  homogeneous  as   possible, 
not  only  in  relation  to  the  kind   of  feeds   fed  and   the   class 
of   livestock,  but  also   in  relation  to  such  factors   as   condi- 
tion  of  feedlots,   ration  composition,    etc.      For  most  eccurate 
results  any  particular   experimental  comparison  should  be 
duplicated  a  number   of   times    in  order   to  rule   out  any  effect 
from  chance  occurences.      Prof.   Morrison  makes   the  statement 
that  an  averaKe   of   several   experiments   is  more  accurate  than 
the  results  from  only  one   experiment.!     This    statement  has 
been  questioned  by  some  nutritionists.      They  seem  to   feel   that 
there  are  some   exceptions   to  this   statement.     An  average  of 
several   experiments   tends   to  rule   out   chance  and   error   in   the 
results,   but   In  the  case  where  half   of   the   experiments   ended 
one  way  and  half   the   other,   an  average  might   show   equality 
and  they  would  not  necessarily  be  equal   in  feeding  value. 
Therefore  the   experiments  reviewed   in   study  of  this  method 
of   evaluation  of   feeds  have  not  been  averaged.      They  have 
been   sumntfirized  in   tho  best  manner   possible. 

In  order   to  determine   the  value  of   the  various   feeds 
for   the  different   classes   of   livestock,    the  author  reviewed 
all  the  experimental  results  which  could   be   found  in   the 
Kansas   State  College   Library.      The  results    of    experiments 

ilbld.,    p.    38. 


19 

comparing  soybean  meal,    linseed  meal,   cottonseed  meal,   and 
soybeans  are  shown  on  the  following   pages. 

Jairy  Cows.  The  following  comparisons  have  been  made  in 
experirents  in  feeding  iairy  cows.  They  have  been  classified 
according  to  comparisons. 

Soybean  Meal  with  Cottonseed  Meal.      Experiments   in  feed- 
ing these   two  supplements  have  mostly  been  done  by  comparing 
them  when   they  are   fed   on  a   pound  for   pound  basis.      By  this   it 
is  meant   that   one   pound   of  soybean  meal  is  fed  to  substitute 
for  one   pound   of  cottonseed  meal,   or  vice  versa.      Four  refer- 
ences  found   soybean  meal  and   cottonseed  meal   to  be   equal  when 
fed  on  a    pound  for   pound  basis,   two  found  the  soybean  meal 
was   slightly  more  valuable,   and   one  found   that  cottonseed 
meal  was   slightly  more  valuable. 

Two  different   experiment   stations  have   tested   soybean  meal 
and  cottonseed  meal  as   substitutes   for   each  other  in  the  dairy 
ration.     They  found   them   to  be  fully   equal   pound  for   pound.  1 
In  one  case  the  meals  were   of   the  same  approximate   protein 
content. 


1W.   B.   Nevins,   Feeding  the  Oairy  Herd,    Illinois   Experiment 
Station  Bulletin  No.    372,    p.""Ij3. 

C.  V,  Holdaway,  W.    3.    Sllett,  IS.   Q.   Harris,   Comparative 
Value   of   Peanut   Meal,    Cottonseed  Meal,   and  Soybean  Meal  as 
Sources    of    Protein   for   Milk    Production.    Virginia    Experiment 
Station.^echnical  Bulletin  No.   2a,    p.  l\.1. 
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Soybean  meal  and   cottonseed  meal  were  found   to  be   equal 
when  fed   on  a    pound  for   pound  basis  at  the  Hawaii   Experiment 
Station.     Soybean  meal  was   slightly  better  but  the  difference 
was  not   of  a   significant  nature.1 

A  New  Jersey  experiment   showed  results  which  differed 
somewhat  from  the  above   experiments.      They  found   that   if 
cottonseed  meal  was  worth  33  dollars   per  ton,    then   soybean 
meal  was  worth  l).l  dollars   per   ton.      Thus  cottonseed  meal  in 
this   test  was  worth  only  OO.I4.8   percent  as  much  as   soybean 
meal.2 

A  Mississippi   bulletin   states   that   soybean  meal  in  one 
experiment  was  a   little  less   valuable  as  a   protein  supplement 
for  milk  and  butterfat   production   than   cottonseed  meal. 3 

Soybean  meal  was  found   to  be  superior   to  cottonseed  meal 
as  a  food   either  for  milk   or  butterfat   production   in  a 
Massachusetts   experiment. 4 

A  summary  of   comparisons   of   these   two  supplements   in 
feeding  dairy  cows   shows   that   soybean  meal   is  definitely  equal 
to  cottonseed  meal  if  not   somewhat   superior. 


L.   A.   Henke,    Protein  Sources   and  Supplements   for  Dairy 
Cows   in  Hawaii,   Hawaii   Experiment  Station  Bulletin  No.    95,    P«   9« 

p 
Alfred  S.   Cook,    Soybean  Meal   VersuB   Cottonseed   Meal,   New 
Jersey  Annual  Keport,    1913»    P«    293. 

3j.   S.   Moore,  and  W.   C.    Cowsert,   Soybeans  for  Dairy  Cows, 
Mississippi   Experiment  Station   Bulletin  No.   235,    p.    15. 

't-Henry  H.   Ooodell,   6th  Annual  Keport,   Massachusetts  Agri- 
cultural College,    189!)-,    PP.    13  and   llj.. 
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Linseed  Moal  with  Soybeans.      Seven  references  found  soy- 
beans and   linseed  meal  to  be  approximately  equal  when  fed  on 
a   pound  for   pound  basis,    three  found   soybeans   to  be  somewhat 
more  valuable  than  linseed  meal,   and  one  experiment  found 
linseed  meal  slightly  more  valuable   than  soybeans.     All  the 
experiments  reported  here  were  made  on  the  basis   of   substi- 
tuting one   pound  of   soybeans  for   one   pound  of   linseed  meal. 

A  number  of   feeding  experiments  have  shown   linseed  meal 
to  be   practically  equal   pound   per   pound  to  ground   soybeans  as 
a   protein  supplement   for  dairy  rations.1 

Some  experiments  have  s   own  ground   soybeans   to  be  of 
somewhat  greater  value  than  linseed  meal  for   suoplementing 
dairy  rations.     Soybeans  were  found   to  be  from  3  to  33   percent 


hi,   B.  Nevins,  Loc.  clt. 

0.  0.  Schaef or.  Soybeans  and  Soybean  Hay  in  the  Dairy 
Kation,  Minnesota  Experiment  Station  Bulletin  Ko.  239. 

J.  G.  Hackleman,  0.  H.  Sears,  and  W.  L.  Burlison,  Soybean 
Production  In  Illinois.  Illinois  Experiment  Station  Bulletin  No. 
310,  p.  4.71. 

W.  B.  Nevins,  Utilizing  the  Soybean  Crop  for  Livestock  Feed- 
ing. Illinois  Experiment  Station  Circular  No.  369,  p.  8. 

W.  B.  Nevins,  Feeding  the  Dairy  Herd,  Illinois  Experiment 
Station  Circular  No.  502,  p.  257 

Floyd  Johnston,  Arthur  K.  Porter,  and  Lyle  W.  Jackson, 
Feeding  Dairy  Cows,  Iowa  Experiment  Station  Bulletin  P-39,  19lj.8,  p.  967. 

W.  T.  Crandall  and  K.  L.  Turk,  Feeding  the  Dairy  Cow 
Efficiently,  Cornell  Experiment  Station  Extension  Bulletin  No. 
363,  p.  27. 
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more  valuable  than  linseed  meal  for   supplementing  home  grown 
feeds.1     Part,   if  not  all,   of   the  difference  between   these  two 
was   felt  to  be  due   to  the  higher  fat  content  of   the  soybeans.2 

An   Ohio  'Sxperiment  Station  found   that   linseed  meal  was 
worth   3.6   percent  more  for  milk  production  and  2.7   percent  more 
for  fat   production  than  ground  soybeans. 3 

Soybeans   should  be  ground  as   should  most   other  grains 
for  dairy  cows.      It  is   felt   that  a   summary  of   the  above  experi- 
ments  should   state  that  for  all   practical   purposes   soybeans, 
when  ground  seem  to  be   equal   to  linseed  meal  when  fed   on  a   pound 
for  pound  basis   to  dairy  cows. 

Cottonseed  Meal  with  Soybeans.      Only  two  experiments  were 
found  which  compared   cottonseed  meal  with  soybeans.     The  results 
in  both  of   these  experiments   showed  some   superiority  of   the 


^Thomas  M.    Olson,   Soybeans   for  Dairy  Cows.   South  Dakota 
Sxperiment  Station  Bulletin  Ho.   215,    P»    15^ 

L.  H.   Falrchild,   and  J.  W.   Wilbur,   Soybean   Oil  Meal  and 
Uround  Soybeans  as    Protein  Supplements   in  the   Dairy  nation, 
Indiana    Experiment  Station  Bulletin  No.~2"39,    p.   2. 

A.   C.   McCandlish,    E.   Weaver,   and  L.   A.    Lunde,   Soybeans 
as   a   home  Grown  Supplement  for  Dairy  Cows,    Iowa    Experiment 
StatiOT^ulletin  No.   20k,    pT~%2. 

2Kairchlld  and  Wilbur,   Loc.    clt. 

McCandlish  and  Weaver,   Loc.    clt. 

3c.    C.   Hayden  and  A.    S.    Perkins,   Soybeans,    Soybean   Oil 
Heal  for  Milk   Production,    Ohio   Experiment  btation   31 -monthly 
Bulletin  No.    12~T. 
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ground   soybeans   over   cottonseed  meal.     Reference  to  these 
experiments   is   given  below. 

Cottonseed  meal   fed   to  young  dairy  cows   and  ground   soy- 
beans  have  about   the  same   feeding  value  for  milk  and   butterfat 
production.      Ground   soybeans   showed  better  results    than 
cottonseed  meal  but  not  a   significant  amount.      In  this    experi- 
ment  one   pound   of  ground   soybeans  was   substituted  for   one 
pound   of  cottonseed  meal.^ 

A  Mississippi   experiment   found  ground   soybeans   to  be   of 
greater  value  for   supplementing  dairy  rations   than  cottonseed 
meal  on  a   pound  for   pound  basis. 2 

Linseed  Meal  with  Cottonseed  Meal.     Some   experiments  have 
shown   linseed  meal   to  be   practically  equal  to  cottonseed  meal 
for  feeding  dairy  cows  when  fed   on  a   pound  for   pound   substi- 
tution basis,   while  others   have  found   these  two  supplements 
to  be  equal  when  fed   in   the   same  nutritive  ratio. 

Linseed  meal  and   cottonseed  meal  were  found   to  he   equally 
valuable  when   they  were  fed  according  to   protein  content   in 
Indiana   experiments. 3     In  one   particular   experiment  it   took 
only  79.71  percent  as  many  pounds   of   cottonseed  meal  as   it 
did   linseed  meal   to  produce  the  same  amount   of  milk.      In   thl» 


1James  N.    Price,   Homegrown  Rations  for   Economical   Production 
of  Milk  and   Butter.    Tennessee  Agricultural  Experiment  station 
Bulletin  No.    80,    p.   k9* 

^Moore  and   Cowsert,    oo.    °lt. »    P»    15« 

3r.   E.    Caldwell,   and  D.  W.   Hunzlber,   Test   of   ihree   Protein 
Concentrates  and  Two  Leguminous  Roughages   in  Milk   Production, 
Indiana   Experiment  Station   Bulletin  No.   203,    P*   3« 
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cese  cottonseed  meal   contained  lj.1.7   percent    protein   (crude) 
and   linseed  meal  contained   33.3   percent   crude   protein. 

A  Vermont  bulletin  states    that   in   experiments   conducted 
at  that  experiment   station   they  found   linseed  meal  and  cotton- 
seed meal  to  be   equal  to  fish  meal  when  fed  according   to  the 
protein   content  of   the  feeds. 1     Thus   linseed  meal  and  cotton- 
seed meal  have  been  found   equal  when  fed   in  this  manner. 

In  North  Carolina  and  Vermont   experiments   cottonseed  meal 
was   found    to  be  very  slightly  more  valuable  than   linseed  meal 
for  milk  and  butter   production  when  fed  on  a    pound  for   pound 
basis. ^     Their   conclusions  were  that   cottonseed  meal  and   lin- 
seed meal  were   practically  equal  in  feeding  value. 

Soybean  Meal  with  Ground  Soybeans.      Conflicting  results 
have  been  found   in  comparison   of   these   two  supplements.     When 
fed   on  a    pound   per   pound   substitution  basis   the  two  have  been 
found  to  be  equal  in  feeding  value,   soybeans   have  been  found 
to  be  more  valuable   in   some   cases,   and   soybean  meal  has   proven 
to  be  more  valuable   in   other   instances. 

An  Illinois   circular   states   that  when  it  is  necessary  to 
buy  a   protein  feed  and   soybeans  and   soybean  meal  sell  for   the 
same   price   per   pound,   soybean  meal  would  be  the  better  buy. 
But  unless  the  farmer   is    paid  for   the  oil  he  could  not   afford 


!m.   H.   Campbell,   The  Supplementary  Value   of  Fish  Meal  as 
a_  r'eed  for  Dairy  Cattle,    Vermont    Experiment   Station   Bulletin 
l«.   333.   P.~77^ 

2J.    L.   Hills,   Vermont  Experiment  Station  Annual  Report, 
1907,    P.   1)71. 

John  Michels,   North  Carolina   Experiment  Station  Annual 
Report,    1910,    p.   29. 
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to  take  home  raised  beans   to  the  mill  and  haul  back   soybean 
meal.1     If  the  farmer  had   soybeans  he  had  raised,    it  would 
be  cheaper  to  feed  the  soybeans   than  to  buy  the  meal.     Thus 
this  referenoe  found   soybeans  and  soybean  meal  to  be   equal 
when  fed  on  a   pound  for   pound   basis   to  dairy  cows. 

An  article   in  Hoards  dairyman   states,   "that   soybeans 
and  soybean  meal  are  of  approximately  equal  feeding  value  for 
dairy  cows   under   practical  feeding  conditions. "2     Also  an 
Ohio  experiment  found  that  soybeans  and   soybean  meal  could  be 
substituted   pound  for  pound   in  the  dairv  ration. 3 

ilississippl   experimenters  found   that  ground  soybeans 
were  worth  more  for  supplementing  dairy  cow  rations   than 
soybean  meal  when  substituted   pound  for   pound   in  the  ration. k 

An   Ohio  annual  report   states  that  when  soybeans  and 
soybean  meal  are  fed   in  equal  quantities   to  dairy  cows,    the 
soybean  meal  was   slightly  superior  to  the  soybeans. 5 

Neither  ground  soybeans   or   linseed  meal  were  found   to  be 
as   palatable  as   soybean  meal  when  fed  to  dairy  cows  at   an 
Illinois   Experiment  Station." 


^•Nevlns,   od.    cit.,    p.    8. 

2Hoards  Dairyman,   December   1951,   Volume  96,    p.   9^2. 

3Hayden  and   Perkins,   Loc.    cit. 

4-Moore  and   Cowsert,    Loc.    cit- 

5Perkins,   Backtell,   and  Weaver,   51st   Ohio  Experiment 
Station  Annual  Report,   Bulletin  No.    51°,    P«   73* 

^Hackleman,   Sears  and   Burlison,    o£.   cit.,    p.   1+71- 
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Soybean  Meal  with  Linseed  Meal.     Most  of  the  results 
comparing  these   two  supplements   seem   to  be  rather   similar, 
but  they  have  been  found  to  be  equal  when  fed  on  a    pound 
for   pound  basis  and  also  when  fed  according  to   protein  con- 
tent.     This  is  a   situation  similar  to  the   one  mentioned  In 
another   portion  of  this   paper.     These   two  supplements  can- 
not be  equal  under  both  situations   since   they  have  a  dif- 
ference  of   six  to  10   percent   in   protein   content.     An  attempt 
will  be  made   to  answer  this    problem  in  a   later   section  of 
this   thesis. 

Several  experiment   station  bulletins  have  stated  the 
conclusion  found   in  feeding  experiments,   that   soybean  meal 
and   linseed  meal  were   equal   in  feeding  value  for  feeding 
dairy  cows  when   they  are   compared   on  a   pound  for   pound  basis. • 

The   Ohio  Agricultural   Experiment  Station  found  soybean 
meal  to  be  worth  1.9   percent  more  for  milk  production  and  3.6 
percent  more  for   producing  fat  than   linseed  meal.      This   par- 
ticular bulletin  summarizes   several  articles   on  comparison 


Hackleman,   Sears  and  Burlison,   Loc.    cit.,    p.   lj.71. 

Andrew  C.   McCandlish  and   Earl  weaver,   "Cocoanut  Meal, 
Gluten  Feed,    Peanut  Meal  and  Soybean  Meal  as    Protein  Supple- 
ments for  Dairy  Cows,"   Journal  of  Dairy  Science.   Vol.    $\   1922, 
pp.   27-38. 

Fairchild  and  Wilbur,   op,,    cit..    p.   2. 

Williams,   C.   G.,  l|4th  Annual  Ohio  Experiment  Station  Report, 
192I+-1925,   Bulletin  No.    392,    p.    53. 
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of   these  two  supplements,  and  reaches   the  conclusion  that 
soybean  meal  and   linseed  meal  appear   to  be  equal   pound  for 
pound  for  feeding  dairy  cows.l 

Two  experiment  stations  found   in  comparisons  of   soybean 
meal  and  linseed  meal  that   these  two  supplements  are  equal   in 
feeding  value  when  fed   to  dairy  cows   according   to  the  amount 
of   protein  contained  in  each  feed. 2     This  means   that  more 
linseed  meal  than  soybean  meal  would  be  required   to   produce 
the  same  milk  and  fat  when  fed   on  a   pound  for   pound   substi- 
tution basis,   but  a    like  amount   of   protein  from  each  feed 
would   produce  similar  amounts  when  fed   on  the  basis   of   the 
amount   of   total   protein  contained   in  each  feed. 

Fattening  Beef  Calves.     A  large  number   of   experiments 
have  been  conducted  with  beef   calves   to  determine  whether  any 
one   protein  supplement   is  more  valuable  than  another.      These 
experiments  which  have  been  written   up  and   published  have  been 
reviewed  to  determine   if  any  conclusive   evidence  has  been  found. 

Linseed  Meal  with  Cottonseed  Meal.      Some   experimenters 
found  that  cottonseed  meal  and   linseed  meal  were   equal  when 
fed   on  a   pound   for   pound   basis  and   other   experimental  results 
showed  a  good  deal  of  variation.     Some  found   that  cottonseed 
meal  was  worth  more  than   linseed  meal  and   others  found  the 


^Hayden  and   Perkins,    og.    clt. .    p.    llj.1. 

2 
Campbell,    oj>.   clt. .    p.   7. 

Caldwell  and  Hunziber,  £jg.    clt. .    p.    3« 
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opposite  results.      Another   group  of   experimenters  found   that 
there  was   little  difference  between  the  two  meals  when   they 
were  fed  according   to  protein   content.      Certainly  two  meals 
with  differences   in   protein  content  cannot  be   equal  when  fed 
on  a   pound  for   pound   basis  and  also  when  fed  according  to 
protein  content.      This   is  definitely  not  a   logical  situation. 
A   situation  such  as   this   shows   the  need   for  further   experi- 
mentation,  if   one  is   to  find  which  group  of   experimenters 
found  accurate  results.      The   possibility  has  been  raised  that 
earlier   experiments,   at   least   those   prior   to   19lj.O,  were  not 
designed  accurately  enough  to   produce  results  which  could  be 
used  as   guides   In  feed  evaluation.      If   this   is   true,   then  one 
must  have   properly  designed   experiments  before  any  recommend- 
ation can  be  made  as   to  which  supplement   is  more  valuable  for 
any   particular   class   of   livestock. 

The  experiments  which  were  reviewed  concerning  the  feeding 
of  cottonseed  meal  and   linseed  meal  to  beef   calves  being  fat- 
tened are  given   In  the  following   paragraphs. 

An  Ohio  experiment  found   that   linseed  meal  and  cottonseed 
meal  were   equal  for  fattening  calves  when  fed  at  the  rate   of 
one   pound   per  head  dally,   but  when  two   pounds  were  fed,   the 
linseed  meal  fed   calves   outproduced  the  cottonseed  meal  fed 
calves. 1 


tenlng  Calve 
N0.U4.O. 


Paul  Ger  laugh,    Protein  Supplements   in  ftations   for  £at- 
s,    Ohio  Experiment  Station   Bi-monthly  Bulletin 
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A  number  of  experiments  conducted  at  the  Kansas  Station 
found  that  linseed  meal  was  more  valuable  than  cottonseed  meal 
when  fed  as  substitutes  on  a  pound  for  pound  basis* 1 

Colorado  feeding  trials  found  that  linseed  meal  contain- 
ing 3lj.  percent  protein  and  cottonseed  meal  containing  1)3  per- 
cent protein  produced  similar  results  with  fattening  calves 
when  fed  on  a  pound  for  pound  substitution  basis. 2 

An  Idaho  experiment  concluded  that  cottonseed  meal  was 
superior  to  linseed  meal  as  a  supplement  to  a  calf  fattening 
ration.   The  animals  were  fed  .72  pounds  of  cottonseed  meal 
per  day  or  .59  pounds  of  linseed  meal. 3  This  experiment  seems 
to  be  rather  illogical  since  the  calves  fed  in  this  manner 
were  definitely  receiving  less  protein  from  the  linseed  meal 
ration  than  from  the  cottonseed  meal  ration. 

A  six  year  summary  of  experiments  at  the  Ohio  Station 
found  that  there  was  no  significant  difference  between  3I4. 


1C.  19.  McCampbell,  B.  M.  Anderson  and  II.  W.  Marston, 
Cattle  Feeding  Investigations.  Kansas  Experiment  Station  Cir- 
cular No.  117. 

B.  M.  Anderson  and  H.  W,  Marston,  Cattle  Feeding  Investi- 
gations. Kansas  Experiment  Station  Circular  No.  130. 

C.  W.  McCampbell,  3.  M.  Anderson  and  M.  A.  Alexander, 
Cattle  Feeding  Investigations.  Kansas  Experiment  Station  Cir- 
cularNo7l52T 

o 
G-.  E.  Morton  and  H.  B.  Osland,  Katlon  Experiment  with 
Calves.  Colorado  Experiment  Station  Press  Bulletin  No,  7(5. 

3C.  W.  Hickman,  E.  F.  Rinehart  and  R.  P.  Johnson,  Fat- 
tening Idaho  Range  Cattle.  Idaho  Experiment  Station  Bulletin 
No.  209. 
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percent  linseed  meal  and  I4.I  percent  Iron  treated  cottonseed 
meal  for  fattening  calf  rations  when  thay  were  fed  according 
to  protein  content.! 

A   South  Dakota   experiment  found   that   cottonseed  meal 
and   linseed  meal  were   equal  when  fed   on  an   equal  pound  basis. 2 

Cottonseed  meal  containing  1)_3   percent   protein  and   lin- 
seed meal  containing  37   percent   protein  were  found  to  be 
approximately  equal  for  fattening  calves   In  Michigan  experi- 
ments.3 

Linseed  Meal  with  Soybeans.      Soybeans  have  been  found  to 
be   less  valuable   for  fattening  calves   than  for  fattening  older 
beef   cattle. •+     This   is   especially   true  when  the  beans  are  fed 
Ground,      Therefore  whole   soybeans  are  recommended  to  be  fed  to 
beef   calves. 5     The  reason  soybeans   seem  to  be   less   valuable 
for  beef  calves   than  for  older  an5.mals   seems   to  be  due  to  the 


Paul  Ger laugh,    Iron  Treated  Cottonseed  aeal  for  Steer  Calves. 
Ohio  Bl -monthly  BulleHn~No.   205.    p.    125. 

Paul  Gerlaugh,  Adding  Supplements   to  Corn  for  Calves   on 
Pasture.    Ohio  Bi-monthly  Bulletin  No.   205",    p.    127 

2,t.  W.  Wilson  and  Turner  Wright,    Tankage.  A    Protein  Sup- 
plement for  Fattening  Beef  Calves,   South- Dakota    Experiment 
Station  bulletin  No.    329. 

3q.   A.    Branaman,    Palatabillty  of  Cottonseed  Meal  and   Lln- 
sead  Meal,   Michigan   Experiment  Station  Quarterly   Bulletin,    Vol.    18, 
No.    I)*    p.    253. 

Woscoe  R.   Snapp,    Beef  Cattle,   John  Wiley  and  Sons,   Inc., 
New  York,   3rd   Edition,  ToTh   Printing,    1950,    P.    322. 

H.    P.   Husk,    Utilizing   the  Soybean  Crop  in   Livestock  deeding. 
Illinois   Experiment  station  Circular,   No.    369,    p.   2b. 

'Snapp,   og.   c_lt. ,    p.    322. 
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fact  that  calves  are  on  feed  much  longer  than  older  animals, 
and  due  to  the  laxative  quality  of  soybeans,  they  seem  to 
tire  of  the  beans  in  the  latter  part  of  the  feeding  period. 

The  experiments  which  have  been  reviewed  are  in  favor  of 
linseed  meal  over  soybeans  since  the  calves  tended  to  go  off 
feed  when  fed  the  soybeans. 

South  Dakota  experiments  showed  that  linseed  meal  produced 
greater  gains  than  soybeans  for  fattening  calves,  but  required 
more  feed  to  do  so.   Calves  being  fed  the  soybeans  would  not 
eat  over  one  pound  of  soybeans  per  day  and  they  consumed  more 
linseed  meal  than  that.l 

An  Ohio  experiment  found  that  calves  which  were  fed  soybeans 
were  more  difficult  to  keep  on  feed  than  calves  fed  linseed 
meal  and  therefore  they  did  not  do  as  well  as  the  linseed  meal 
fed  animals. 2 

Thus  results  show  that  linseed  meal  is  more  valuable  than 
soybeans  when  fed  in  the  fattening  ration  of  beef  calves. 

Cottonseed  Meal  with  Soybeans.   Soybeans  have  in  most 
instances  been  found  to  be  slightly  leas  valuable  than  cotton- 
seed meal  for  fattening  calves.   This  is  shown  by  the  following 
analysis. 


lj,  W.  Wilson  and  Turner  Wright,  Ground  Flax  and  Other 
Protein  Supplements  with  Corn  for  Fattening  Calves  and  ?lgs. 
South  Dakota  Experiment  Station~T5ulletin  No.  293. 

^Paul  Ger  laugh,  og.    clt. .  Bui.  205. 


Cottonseed  meal  was  found  to  be  superior  to  soybeans 
for  fattening  calves  In  two  experiments.  Approximately  equal 
amounts  of  each  supplement  were  fed.*  Other  experiments  found 
that  soybeans  and  cottonseed  meal  were  approximately  equal 
when  fed  on  a  pound  for  pound  substitution  basis. 

An  Ohio  experiment  found  that  calves  fed  soybeans  were 
more  difficult  to  keep  on  feed  than  cottonseed  meal  fed 
calves  and  those  fed  the  soybeans  did  not  gain  as  well  as 
the  others. 3 

Mr.  Frank  B.  Morrison  has  made  the  statement  that  an 
analysis  of  eleven  tests  comparing  cottonseed  meal  and  soy- 
beans showed  that  calves  fed  soybeans  gained  .11  pounds  less 
per  day  than  those  fed  cottonseed  meal.   The  conclusion  was 
that  the  soybeans  were  worth  only  94  percent  as  much  as 
cottonseed  meal.M- 

Soybean  Heal  with  Soybeans.  Relatively  few  experiments 
were  found  which  compared  these  two  supplements,  but  those 
reviewed  are  given  below. 


J.  H.  Skinner  and  f,   0,   King,  Cattle  Feeding,  Indiana 
Kxperiment  Station  Bulletin  Ho.  1)29. 

H.    P.  Rusk,  og.  cit. .  p.  26. 

2J.  H.  Skinner  and  K.  U.  King,  Cattle  Feeding.  Indiana 
Experiment  Station  Bulletin  Mo.  330. 

Idaho  Annual  Report  I93J4.,  Idaho  Experiment  Station  Bulle- 
tin Ko.  217,  p.  Ij.7. 

3oer laugh,  od.  cit. ,  Bulletin  No.  llj.0. 

^Morrison,  0£.  cit. .  p.  5^0. 


33 

Soybean  meal,  In  an  Ohio  experiment,  produced  better 
results  than  soybeans  when  fed  to  fattening  calves  at  the 
same  protein  level. 1 

Soybean  meal  was  found  to  be  equal   to  soybeans  for  fat- 
tening  calves   in  a  South  Dakota   experiment.      Soybean  maal  fed 
calves  had  a  higher  daily  gain  but  they   took  more  feed   to 
produce  100   pounds   of   grain  than  the  soybean  fed   calves. 2 

Linseed  Meal  with  Soybean  ileal.      Only  one  experiment 
was   found  which  compared   these   two  supplements   for  feeding 
calves. 

Linseed  meal   produced   greater  gains  and   on  about   the 
same  amount   of  feed  as   soybean  meal   in  South  Dakota   experi- 
ments.     Conclusions   of  this   bulletin   state   that   linseed  meal 
was  found   to  be  more  valuable   than   soybean  meal  for  fattening 
calves.      The  supplements  were  fed   on  an  approxi-.m-te   joun-l  for 
pound  basis. 3 

Fattening  Yearling  and  Two  Year   Old   Beef  Steers.      Com- 
parisons  between  the  different    protein  supplements  have  been 
reviewed  and  are   shown  on  the  following   pages. 

Soybeans  with  Soybean  Meal.  Comparisons  between  these 
two  supplements  seem  to  show,  in  general,  equality  when  fed 
on  a   pound  for   pound   substitution  basis.     Contradiction  has 


Ger laugh, _a>.   cit.,   3ulletln  127. 
c'«'?ilson  and  Wright,    ot>.    cit. 
^Loc.    cit. 
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occurred  in   experimental  results   especially  when   experiments 
found   these   two  feeds   to  be  equal  when  fed   pound  for   pound 
and  also  when  fed  according  to  protein  content  of   the  supple- 
ments. 

Several   experiments  found   that   soybeans  when  fed  to  two 
year   old   steers  were   comparable   in  value   to  soybean  meal  when 
the   two  supplements  were  fed  at  an   equal  rate.l 

Soybean  meal   in  one  Indiana   experiment   proved   to  be  more 
valuable   than   soybeans   for  feeding  two  year   old   steers. 2 

In  Cornell  experiments   soybeans  and   soybean  meal  were 
found   to  be   equal   in  value  when   fed   to  older   beef   steers. 
In  this   case   the  supplements   were  fed  according  to   protein 
content. 3 

As  an  example  of   contradictory  results,    the  Cornell 
experiments  mentioned  above  found   equality  when  fed  according 
to  protein  content  while    Professor  Morrison  in  his  book 


^■Kusk,    og.    cit. .    p.   26. 

J.   H.   Skinner  and  F.   G.   King,   Cattle  Feeding.    Indiana 
Experiment   Station   Bulletin  I:o.    281. 

J.   t.   Skinner  and  F.    3.   King,   Cattle  Feeding.    Indian* 
Experiment  Station  Bulletin  No.    3ll|. 

2J.   H.   Skinner  and  P.    8.   King,   Cattle  Feeding.   Indiana 
Experiment  Station   Bulletin  Ho,   291. 

F.    G.   King,  Atlas   Sor^o  Silage   for  FattenlnK  Cattle. 
Indiana    Experiment   Station   Bulletin  Mo.    500. 

3r.    B.   Hinman,  F.    B.   Morrison,   J.   I.   Miller,   and  C.   S. 

Hobbs,   Cornell   Experiment  Station  Annual  Report,   19^1,    P.    110. 
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Feeds  and  Feeding1  makes  the  statement  that  an  average  of  12 
experiments  with  these  two  feeds  shows  that  soybeans  were 
fully  equal  to  soybean  meal  for  fattening  two  year  old  cattle 
when  the  feeds  are  fed  at  an  equal  rate. 

Soybeans  with  Linseed  Meal.  Two  Ohio  references  were 
reviewed  which  compared  soybeans  and  linseed  meal  for  feeding 
yearling  and  two  year  old  beef  cattle.   They  are  as  follows: 

One  Ohio  experiment  compared  the  feeding  of  these  two 
supplements  to  yearling  steers.  The  steers  fed  soybeans  did 
not  do  quite  as  well  as  those  fed  linseed  meal.   The  supple- 
ments were  substituted  on  a  pound  for  pound  basis. 2 

In  another  Ohio  experiment  soybeans  were  found  to  be 
fully  equal  to  linseed  meal  when  fed  to  yearling  steers  on  a 
pound  for  pound  basis. 3 

Cornell  experiments  found  that  linseed  meal  was  slightly 
more  valuable  than  soybeans  for  fattening  yearling  steers  when 
fed  according  to  protein  content.   The  difference  although  in 
favor  of  linseed  meal  was  not  signif leant. <*■ 


^Morrison,    0£.    clt. .    p.    5l).0 

2G.    Bohstedt,   Fattening  Calves. Yearlings  and  Two  Year   Olds, 
Ohio  Bi-monthly  Bulletin  No.    10b  and   10b,    p.    17  >. 

3paul  uer laugh  and   Paul  Hackett,    Protein  Concentrates   for 
Yearling  Steers.    Onio   Experiment  Station   31-monthly  Bulletin 
No.    Uj.b,    p.    131. 

^■Hinman,    et.   al,   Cornell   Experiment  Station  Annual  Report 
1914.1,    p.    110. 
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Frank  B.  Morrison  found  that  an  average  of  10  experiments 
compering  these  two  supplements  for  feeding  yearling  and  two 
year  old  steers  showed  them  to  be  equal  In  value. 1 

Cottonseed  Meal  with  Soybeans.   Experiments  reviewed 
comparing  these  two  supplements  have  found  equality  of  the 
two  feeds,  soybeans  to  be  more  valuable  than  cottonseed  meal, 
and  cottonseed  meal  to  be  worth  more  than  soybeans. 

Illinois  and  Indiana  experiments  have  found  soybeans  to 
be  equal  to  cottonseed  meal  when  fed  to  older  beef  steers  on 
the  pound  for  pound  substitution  basis. 2 

In  another  Indiana  experiment  cottonseed  meal  proved  to 
be  more  valuable  for  fattening  two  year  old  steers  than  soy- 
beans. 3  Another  experiment  by  this  station  found  exactly 
opposite  results. k 


•'•Morrison,  oc.  clt. ,  p.  5^0. 

'Husk,  op_.  clt. ,  p.  26. 

Skinner  and  King,  o£.  clt. ,  Bulletin  No,  281. 

Skinner  and  King,  og.  clt. ,  Bulletin  No.  3llj.. 

i',   Q.  King,  Ground  Soybeans  for  Fattening  Cattle,  Indiana 
Experiment  Station  Bulletin  No.  237. 

3skinner  and  King,  o£.  clt..  Bulletin  No.  291. 

^Skinner  and  King,  o£.  clt. .  Bulletin  No.  330. 
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Morrison,   by  averaging  six  experiments  comparing  soy- 
beans and   cottonseed  meal,   found   that   soybeans  were   slightly 
more  valuable   than  cottonseed  meal  for  fattening   two  year   old 
steers.^ 

Soybean  Meal  with  Cottonseed  Meal.     Morrison  reviewed   18 
experiments  comparing  these   two  feeds  and  fbund   that   on   the 
average   equal  gains  were  made  with  soybean  meal  or   cottonseed 
meal  when  they  were  fed  on  a   pound  for   pound   substitution 
basia.2 

Soybean  meal  has  been   proven  equal   to  cottonseed  meal 
when  fed  at   the  same  rate   to   supplement   the  ration   in  feeding 
yearling  and  two  year  old   steers. 3 

One  Indiana   publication  contains  the  results  from  com- 
parisons  of   these  two  feeds   in  four  different   experiments. 
Two  of  these   experiments   found   soybean  meal  to  be  more  valuable 
than  cottonseed  meal  when   sorghum  silage,   clover  hay  and  corn 
grain  were  fed.      One  experiment  found  cottonseed  meal  and   soy- 
bean meal   to  be  equal  and  another  found   soybean  meal   to  be  more 


Morrison,    oj>.    clt.,    p.    5i(.0. 


Loc.    cit. 


3skinner  and  King,    o£.    cit..   Bulletins  Ho.   281,   31J4.  and  291. 

R.  R.   Thalman,    Protein  Supplements  for  Fattening  battle, 
Nebraska   Experiment   Station  Bulletin  No.    ~}l)5. 
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valuable  when  corn  silage  was  fed   In  a   similar  ration   In 
place  of   sorghum  silage.1 

Soybean  meal  and  cottonseed  meal  were  also  compered   in 
Iowa   experiments.      They  were  fed  according  to  crude   protein 
content  and  were  found   to  be  approximately  equal.2     Soybean 
meal  and   cottonseed  meal  are  very  nearly  alike   in   protein  con- 
tent.     Therefore   equality  on  a   pound  for   pound  basis  and  a 
protein  basis   also  is  not  as   contradictory  as   in  the   Instance 
of   linseed  meal  compared  with  cottonseed  meal. 

Linseed  Heal  with  Soybean  Meal.     Comparisons   between 
these   two   supplements   seem  to  conclude   that   linseed   is    some- 
what more  valuable  than  soybean  meal  for   supplementing  th« 
fattening  ration  for   older  beef   cattle. 

In  an  Illinois   experiment,   results   found   indicated   that 
linseed  meal  was  worth  a   little  more   in  the  beef  fattening 
ration  than  soybean  meal  because   of   its   characteristic   of 
putting  a   smoother  finish  or  bloom  on   the  cattle. 3 

Morrison  found   in  an  average   of   11  experiments   comparing 
these   two  feeds    that   soybean  meal  was  not  quite  as  valuable 


^■Klng,   oj3.    clt. 


2C.   C.   Culbertson  and    P.   S.   Shearer,   Iowa   Lxperiment 
Station  Annual  Reports,    19^0,    p.    llift   and   191+2,    p.   223. 

3e.   T.  Hobblns,  Raising  and  Feeding  Seef  Cattle,    Illinois 
Experiment  Station  Circular  tlo.   613. 
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as  linseed  meal  for  fattening  yearling  and  two  year  old  cattle, 
when  fed  on  a   pound  for   pound   substitution  basis.1 

Cornell  experiments   found   that   linseed  meal  was   slightly 
more  valuable  than  soybean  meal  for  fattening  yearling  steers. 
The  differences  found  were  not  felt  to  be   significant.      In 
this   Instance   the  supplements  were  fed  according   to   protein 
content. 2 

A   certain  discrepancy  may  be  seen  here,    in  comparing  the 
feeds   according  to   protein   content  and   on  the   pound  basis. 
If   linseed  meal   is  worth  more   than   soybean  meal  on  the   protein 
basis   then  it   is  worth  a  great  deal  more   than   soybean  meal 
when  fed   on  the   pound  basis. 

^Cottonseed  and   Linseed  Meal.      There  seems   to  be  a   great 
deal  more  experimental  comparisons  which  have  been  made  between 
these   two  supplements   than  between  any  other   two  feeds.     Accord- 
ing to  nutritionists,   the  more   experiments   there  are,    the 
better   is   the  possibility  of  accurate  evaluation   of  a   protein 
supplement.     Most   of    the   experiments  reviewed  concerning 
these   two  supplements  have  found   linseed  meal  to  be  of  greater 
value  than  cottonseed  meal   for  fattening  yearling  and   two  year 
old   steers. 

A   number  of   experiment  stations  have  found   linseed  meal 
to  be   superior   to  cottonseed  meal  when  used  as    the   only  protein 


Morrison,    ojg.    clt,    pp.    514-0-51+1. 
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supplement  In  the  ration   for  fattening  yearling  and   two  year 
old   steers.      This   has   been  true  when  the   supplements   have  been 
substituted   pound  for   pound   in  the  ration. 1     The  feeding  trials 
represented  by   this   group  of  references   comprise  approximately 
thirty  separate   experiments. 

There  have  also  been  a  number   of  feeding   experiments  which 
resulted   in  the   conclusion  that   cottonseed  meal  outproduced 
linseed  meal  when  fed  on  a   pound   for   pound  basis.2 

A   Pennsylvania   bulletin  states   that  after  two  years   of 
research  they  found   that  there  was  very  little  difference 


H.   R.   Smith,    Economical  Rations    in   Beef   Production, 
Nebraska   Experiment  Station   Bulletin  So.    100. 

Robbins,    op.    cit. 

C.   C.   Culbertson,   John   livvard,   W.    E.   Hammond  and  -i.  W. 
Wallace,  American  Society  of  Animal   Production   Proceedings,    1923, 
p.    13. 

W.   H.  Tomhave  and  W,   L.    Bentley,   Steer  Feeding  Experiments. 
Pennsylvania   jixperiment  Station   Bulletin  No.    ltJ3. 

H.  R.   Smith,    Economical  tieef   Production,   Nebraska    Experi- 
ment  Station   Bulletin  No.    Il6. 

H.   M.    Serlock,    Cottonseed  Meal.   Cold    Pressed  Cake,    Linseed 
Oil  Meal  in  Rations   for  -fattening  Cuttle,   Missouri   Experiment 
Station  Circular  No.    153,    p.    3. 

H.    0.  Allison,   Corn  Silage   in  Rations  for  Fattening  Steers. 
Missouri   Experiment   Station   Bulletin  No.    150. 

2Allison,  pp.    cit. 

P.   A.   Hays,   Homegrown  Feeds   for  Range  Steers.  Wyoming 
Experiment  Station   Bulletin  Ko.    123. 


between  linseed  meal  and   cottonseed  meal  when  fed   to  fatten 

two  year   old   steers.     They  fed  a   little  more   linseed  meal 

than  cottonseed  meal   In  the  ration  but  not   enough  to  state 

that  the  comparison  was  made  on   the  crude   protein  basis.  1 

Morrison  has   compiled  \\Z  different   experiments   comparing 

cottonseed  meal  and   linseed  meal  and   presents   the  following 

conclusion. 

Considering  only  daily  gain  and  feed  required 
per  100  pounds  of  gain,  cottonseed  meal  would  have 
boen  worth  about  89  percent  as  much  as  linseed 
meal  in  these  trials. 

However,  in  nearly  all  of  the  experiments 
the  cattle  that  had  been  fed  linseed  meal  sold 
for  a  slightly  higher  price,  either  because  of 
better  finish  or  a  sleeker  appearance.  On  the 
average,  there  was  a  difference  of  16  cents  per 
hundredweight  in  selling  price  in  favor  of  the 
linseed  meal  fed  cattle. 

Taking  both  the  difference  in  selling  price 
and  the  difference  in  amounts  of  feed  required 
per  100  lbs.  of  gain  into  consideration,  in 
these  experiments  it  would  have  been  necessary 
to  buy  cottonseed  meal  at  only  62  percent  of  the 
price  of  linseed  meal  to  make  an  equal  net  profit 
per  head. 2 

The  significance  of  the  above  statements  is  extremely 

important  to  the  man  who  feeds  beef  cattle.   If  the  above  la 

true,  it  tends  to  present  some  doubt  as  to  the  validity  of 

the  crude  protein  method  of  feed  evaluation.   Since  linseed 

meal  is  lower  in  protein  content,  according  to  the  crude 

protein  method  it  would  be  worth  less  than  cottonseed  meal. 


■Ms.  H.  Tomhave,  et.  al.  Two  Ifeara  of  Research,  Pennsylvania 
Experiment  Station  Bulletin  No.  170,  p.T. 

^Morrison,  .op,,  clt. .  p.  561. 


But  experimental  feeding  trials  have  shown  linseed  meal  to 

be  more  valuable  than  cottonseed  meal,  thus  the  possibility 

is  raised  as  to  whether  the  crude  protein  method  is  as 

accurate  as  some  nutritionists  believe.  This,  of  course, 

has  merit  only  if  the  assumption  is  true  that  these  experimental 

results  are  valid. 

Two  experiments  have  been  conducted  at  the  Iowa  Experi- 
ment Station  which  found  that  linseed  meal  was  more  valuable 
than  cottonseed  meal  when  fed  according  to  protein  content 
to  yearling  steers. 1  This  further  accentuates  the  possibility 
that  the  crude  protein  method  of  protein  supplement  evaluation 
has  little  merit  when  used  to  compere  linseed  meal  and  cotton- 
seed meal  for  fattening  yearling  and  two  year  old  beef  cattle. 

In  review  of  these  experiments,  it  has  been  found  that 
soybeans  are  equal  to  linseed  meal  and  equal  to  cottonseed 
meal.   Thus  by  definition  linseed  meal  should  be  equal  to 
cottonseed  meal  for  fattening  older  beef  cattle.  This  has 
not  been  found  to  be  true  in  actual  experimentation.   One 
is  led  to  believe  that  there  are  some  inaccuracies  in  experi- 
mental results.   Two  feeds  cannot  be  both  equal  to  another 
feed  and  not  to  each  other.  This  situation  seems  to  require 
clarification.   Possibly  the  most  accurate  means  of  clarifica- 
tion would  be  to  conduct  further  experiments  along  this  line 
in  order  to  determine  what  is  right  and  what  is  wrong. 


Culbertson  and  Shearer,  o£.  cit. 


Fattening  Lambs.  numerous  experimental  feeding  trials 
concerned  with  protein  supplement  substitution  in  fattening 
lamb  rations  have  been  reviewed  and  reported  below. 

Cottonseed  Meal  and   Linseed  Meal.     Hesulta   of   lamb  fat- 
tening trials   comparing  these  two  supplements   seem   to  depend 
upon   the   type   of  roughage  which  was  fed   in   the  ration.      Experi- 
ments which  found   linseed  meal  and  cottonseed  meal   to  be  equal 
used  legume  hay  as  a   good   portion   of   the  roughage  ration. 
Those  experiments  which  found   cottonseed  meal  to  be  more 
valuable  than  linseed  meal  used  non-legume  roughages  as  the 
principal  non-concentrate   portion   of  the  ration. 

Fifteen  different   experiments  done  at  various   experiment 
stations   have  found   that  cottonseed  meal  and   linseed  meal  were 
of   equal  value  when  supplementing  rations   containing  legume 
hay  end   corn  silage,   or  supplementing   legume  hay  as   the   only 
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roughage  In  the  ration  for  fattening  lambs.   The  supplements 
were  found  to  be  equal  on  a  pound  for  pound  substitution 
basis. 1 

Another  group  of  four  experiments  where  little  if  any 
legume  hay  was  fed,  found  that  cottonseed  meal  proved  to  be 
more  valuable  than  linseed  meal.   These  supplements  were  fed  on 
a  pound  for  pound  basis.2  The  roughage  ration  in  these  experi- 
ments consisted  either  of  native  hays,  straw  or  sorghum  fodder. 
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P.  S.  Jordan  and  W.  H.  Peters,  Feeding  Methods  and  Rations 
for  Fattening  Lambs,  Minnesota  Experiment  Station  Bui.  No.  30b. 
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Drylot  Fattening  Rations  for  Lambs,  Colorado  Experiment  Sta.  Bui.  379- 
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Two   experiments  were  reviewed  which  compared  cottonseed 
meal  and   linseed  meal  for   fattening   lambs   on  the  condition 
that  the   same  amount   of   total   protein  was   fed  from   each  meal.l 
These   two   supplements   produced   equal  results  when  they  were  fed 
in  this  manner. 

One  Kansas   experiment  found   that   lambs   fed   cottonseed  meal 
made  greater  and  more   economical  gains   than   lambs   fed   linseed 
meal. 2 

Linseed  Meal  with  Soybeans.      Experimental  conclusions   in 
comparisons   of   these  two  supplements  have  found   that   they 
are  equal  when  fed  according  to  protein  contant  and  also  when 
fed  on  a   pound  for   pound    substitution  basis.      Linseed  meal 
and   soybeans  are  fairly  similar   in  their   protein  contents, 
so  equality  by  both  methods   seems   possible. 

Pour  references   found   in   feeding   trials   that   linseed  meal 
was   equal  to  soybeans  when   fed  at   the   same  rate   to  fattening 
lambs. 3 


1G.    la   Morton  and   B.  B.   Fairbanks,   Feedlot  Fattening 
tiatlons  for   Lambs.   Colorado  Experiment  Station   Press   3ul.   Ho.   79» 
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A   Cornell  Experiment  Station  bulletin   states   that   lin- 
seed meal  was   found   to  be   equal   to  soybeans  when  fed  accord- 
ing to  protein  content   in  the   lamb  fattening  ration.1 

Soybean  Meal  with  Cottonseed  Meal.      Only  one   experiment 
was  found  where  cottonseed  meal  and   soybean  meal  are  compared 
for  fattening  lambs.      Ihis   experiment  was   conducted  at   the 
Indiana   Experiment  Station,   and  results   showed   that  soybean 
meal  was  fully  equal   to  cottonseed  meal   for  fattening   lambs 
when   substituted   pound  for   pound   in  the  ration. 2 

Soybean  Meal  with  Linseed  Meal.      Only  two  experiments 
were  found  which  compared   these  two  supplements,   one  found 
them  to  be  equal  on  a    pound  for   pound  basis  and   the   other 
found   them  to  be  equal  when  fed  according  to   protein  content. 
Both  of  these  results   cannot  be  accurate,    since  linseed  meal 
contains   at   least  6-8   percent   less    protein   than  soybean  meal. 

Soybean  meal  was  found   to  be  approximately  equal   to 
linseed  meal  for  fattening   lambs  when  fed  on  a    pound  for   pound 
substitution  basis  at  the  Indiana   Experiment  Station. 3 

A   Cornell   Experiment  Station  bulletin  states   that   in 
experiments  conducted  at   that   station  soybean  meal  and   lin- 
seed meal  were  found   to  be  approximately  equal   in  value  when 


J.    P.  Willman  and  F.   B.   Morrison  and   S.   W.  Klosterman, 
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fed  as  supplements  to  the  lamb  fattening  rations  according 
to  protein  content.  1 

Cottonseed  Meal  with  Soybeans.   Indiana  and  Colorado 
experiments  found  these  two  supplements  to  be  equal  in  value 
on  a  pound  basis  while  Idaho  experiments  found  that  cotton- 
seed meal  was  slightly  more  valuable  than  soybeans. 

Experiments  in  substituting  soybeans  for  cottonseed  meal 
in  the  lamb  fattening  ration  have  found  that  they  are  equal 
in  feeding  value  on  a  pound  for  pound  basis. 2 

Idaho  experiments  compering  these  two  protein  feeds  found 
that  soybeans  were  not  quite  as  valuable  for  fattening  lambs 
as  was  cottonseed  meal. 3 

Soybean  Meal  with  Soybeans.   Experiments  reviewed  com- 
paring these  two  supplements  show  them  to  be  equal  on  a  pound 
for  pound  basis  and  also  when  the  same  amount  of  protein  is 
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fed  from  each  feed.      One   experiment  found   soybeans   to  be  more 
valuable  and  another  found   soybean  meal  to   produce  more   gain 
than  soybeans. 

Indiana   experiments   found   that   soybean  meal  and   soybeans 
were  equal  when   fed   on  a   pound  for   pound  basis  with  corn 
silage,  corn  grain  and   clover  hay.-'- 

Cornell  experiments  found  that   soybeans  were   equal   to 
soybean  meal  when  fed  according  to  the  crude   protein   content 
of   the  supplement.      The  roughage   in   this  ration  was  almost 
entirely  corn  silage.2     Three  feeding   trials  were   conducted 
using  the  same  rations  and   under  similar   conditions. 

A   South  Dakota  bulletin  concludes   that  when  whole  soy- 
beans  can  be   purchased   or   produced   "or  less   than   it   costs 
to  buy  an   equal  amount  of   soybean  meal,    then   it  will  be  to 
the  feeder's  advantage  to  feed   soybeans.      In  this   experiment 
soybeans   outproduced   the   soybean  meal  when  fed  on  a   pound 
per   pound   basis  as   supplements   to  a   corn   grain  and  brome  hay 
ration  for  fattening  lambs. 3 


Skinner  and  King,   o£.    cit. ,   Bui.   No.   273. 

Skinner  and  King,    0£.    cit. .   Bui.   No.   296. 
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In  an  Illinois   experiment  soybean  meal  fed   lambs   out- 
produced  soybean  fed   lambs   but  there  was  no  significant 
difference.1 

Y>  in  taring   Beef  Cattle.      Protein  supplements  are  valuable 
as  additions   to  winter  rations   for  beef   cattle.     A  number   of 
experiments   have  been  reviewed  comparing  the  different   pro- 
tein supplements  as   substitutes    in   the  ration  for  wintering 
feeder  cattle  and  these   experiments  are  compared  below. 

At  the  Hays,  Kansas,    Experiment  Station   experiments    in 
feeding  of   the  various   protein  supplements  with  a  full  feed 
of  sorghum  silage  showed  that  3   pounds   of  wheat  bran   produced 
the  best  gains   on  yearling  cattle  and   that  Ij.  pounds   of  alfalfa 
hay  as   the   protein  supplement   produced   second  best   gains. 
The  high   protein  supplements  which  were   compared  were  fed  at 
the  rate   of   1  pound   per  head   per  day  and   the  supplements 
ranked  in  the  following  order:      (1)   Cottonseed  meal,    (2)    Corn 
gluten  meal,    (3)    Soybean  meal,    (lj.)    Tankage,    (5)    Linseed  meal 
(6)    Peanut  oil  meal.      There  was   less  difference  between  cotton- 
seed meal  and   corn  gluten  meal   than  between  these   two  supple- 
ments fed  in  the   experiment.      Essentially  when  fed   in  this 
cottonseed  meal  and   corn  gluten  meal  are   equal  but   the  other 
supplements   have  a   somewhat   lower   value. 2 


Kammlade  and  Mackey,    ojo.    clt. ,   Bui.   No.   26o. 
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In  an   Oklahoma    experiment   soybean  meal  and   cottonseed 
meal  were  comppred  when  fed   to  two  year  old   steers   being 
wintered   on  dry  grass.      These  two  high  protein   supplements 
were  fed  at   the  sane   protein   level  and   soybean  meal  was   found 
to  produce  greater  gains   than  cottonseed  meal.l     This   bulletin 
states   that   these  results   of   this   experiment   bear   out   previous 
results   of   similar   experiments. 

Other  Kansas   experiments,  with  wintering  heifers,   when 
1  pound   of   either   cottonseed  meal,   linseed  meal   or   soybean 
meal  was   tided  to  the  ration  of   corn  silorte  and   prairie  hay, 
found  that   increased  gains  were  a  result.      Very  little  dif- 
ference was   found  between   the  responses   of   the  different 
supplements,    except   that   soybean  meal   produced   slightly 
better  results. 2 

A  Nebraska   Experiment  Station  report   states   that   calves 
wintered   on   prairie  hay  and   1   pound   of    either   cottonseed   cake 
or  soybean  cake,   gained  more   on  the   cottonseed   cake  and  ate 
less   feed   to  do  so. 3 


L.   3.    Pope,   Owight  Stephens,    P.    E.   Loggins  and   V.   a. 
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Results  of  Illinois  experiments,  show  ground  soybeans 
to  be  equal  to  linseed  meal  when  added  to  yearling  stocker 
rations.   These  supplements  were  fed  according  to  protein 
content.^ 

A  comparison  of  linseed  meal  and  cottonseed  meal  for 
wintering  steers  fed  a  full  feed  of  corn  silage,  made  at  the 
South  Dakota  Experiment  Station,  showed  that  animals  fed  lin- 
seed meal  outproduced  those  fed  cottonseed  meal.   The  supple- 
ments in  this  case  were  fed  on  an  equal  pound  basis. 2 

An  Indiana  experiment  found  that  ground  raw  soybeans  and 
linseed  meal  were  equally  effective  as  protein  supplements 
in  the  grain  rations  for  growing  heifer  calves  when  fed  with 
alfalfa  hay. 3 

Summary  of  Experimental  Conclusions.   If  any  definite 
conclusions  can  be  made  from  the  experiments  reviewed,  then 
the  following  statements  may  be  used  as  the  general  concensus 
of  opinion  in  relation  to  the  value  of  these  four  feeds  in 
comparison  with  each  other  for  the  different  classes  of  live- 
stock. 
Dairy  Cattle  (pound  for  pound) 

1.   Soybean  meal  is  at  least  equal  to  cottonseed  meal,  if 
not  somewhat  superior. 


Rusk,  op.  clt. 


2 

James  w.  Wilson,  Corn  Silage  and  Mill  Products  for  Steers. 
South  Dakota  Experiment  Station  Bulletin  Ho.  11^.15. 

^L.  H.  Falrchild  and  J.  V».  Wilbur,  Journal  of  Dairy  Science. 
Vol.  18,  p.  238. 
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$.      Linseed  meal  h&s  been  found   to  be  worth  somewhat 

more   than   soybean  meal. 
6.     Lini-eed  meal   has  been  found   to  be  worth  somewhat 

more  than  cottonseed  meal. 
Fattening  Lambs    (pound  for  pound) 

1.  Linseed  meal  has  been  found   to  be  equal  to  cottonseed 
meal  when   legume  hey  was   fed   In  the  ration. 

2.  Cottonseed  meal  has  been  found  to  be   slightly  more 
vclu&ble   than   linseed  meal  when  non-legume  roughages 
are  fed   in  the  ration. 

3.  Linseed  meal   is   equal   to  soybeans. 

Ij..     Soybean  moal   is   equal  to  cottonsaud  meal. 

5.  Soybean  raoal   is   equal  to  linseed  meal. 

6.  Cottonseed  meal   is   equal  to  soybeans. 

7.  Soybean  meal   is   equal  to  soybeans. 
Wintering  Beef  Cattle    (pound  for   pound) 

1.  Cottonseed  meal   or   cake  has  been  found   to  be  slightly 
more   valuable  than   soybean  meal  or  cake,   for  winter- 
ing steers. 

2.  Ground   soybeans  and   linseed  meal  have  been  found   to 
be   equally  effective   in  supplementing  wintering 
rations. 

3.  Soybean  meal  has   been  found   to  be   slightly  more  val- 
uable  than  cottonseed  meal  for  wintering  heifers. 

I4..      The  Kansas    experiments   reported   on   page  49   of  this 
thesis   seem   to  show  a   somewhat  better   experimental 
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design  than  others  reviewed.  H6re  linseed  necl  was 
slightly  less  valuable  as  a  protein  supplement  t'-san 
either   cottonseed  meal  or   coybean  meal. 

The  conclusions  arrived  at  from  the  review   of   literature 
on  feeding   protein  supplements   to  the  different   classes   of 
livestock  are  shown   in  Table  .'4..      Only   those   conclusions  which 
relate   to  the  feeding   of   tne  supplements   on  a   pound  for   pound 
basis  are  presented   in  this   table.      The  supplements  are   com- 
pared  to  aoybean  meal  as   the  base  feed   in  all   inatances 
except  for  soybeans  for  wintering  cattle.      In  this   instance 
comparison  was  made  with  linseed  meal  instead   of   soybean  meal, 
since  no  experiments  were  found  which  compared   soybeans 
with  soybean  meal. 

J  ta  talent   of   tne   Problem.      Some   experimental  results  have 
shown   comparability  when  the  supplements  have  been   substituted 
pound  for   pound   of  feed,   and  also  when   they  have  been  fed 
according  to  their  respective   protein   contents,    i.e.,    the 
same  amount  of   protein  from   each  feed  was   supplied   in  the 
ration.      Those   comparisons  which  found   this   to  be   true  are 
for  dairy  cattle;    linseed  meal  was  found   to  be   equal  to  cotton- 
seed meal  and   soybean  meal  was  found   to  be   equal  to   linseed 
meal.      For   fattening  beef   calves,    linseed  meal  was   found   to 
be  somewhat  more   valuable  than  cottonseed  meal.      For  fattening 
older   cattle,    soybean  meal  was   found   to  be   equal  to   soybeans, 
linseed  meal  was   found   to  be  more  valuable   than   cottonseed 
meal,   end   linseed  meal  was   found   to  be  more  valuable   than 
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soybean  meal.  For  fattening  lamba,  linseed  meal  was  found 
to  be  equal  to  soybeans,  linseed  meal  was  found  to  be  equal 
to  soybean  meal,  aoybean  meal  was  found  to  be  equal  to  soybeans, 
and  linseed  meal  was  found  to  be  equal  to  cottonseed  meal. 

A  definite  problem  presents  itself  when  the  above  possi- 
bilities occur.   In  certain  instances  there  is  the  possibility 
that  two  feeds  could  be  comparable  under  both  methods  of 
feeding.   Theoretically,  this  could  only  be  true  when  the 
protein  contents  of  the  two  feeds  ere  the  same  or  very  nearly 
the  same.   It  seems  possible  that  this  could  happen,  and  be 
sufficiently  accurate,  in  the  comparison  of  cottonseed  meal 
with  soybean  meal  since  these  two  feeds  contain  approximately 
the  same  amount  of  protein.   It  slight  also  occur  in  the  case 
of  soybeans  being  compared  with  linseed  meal  since  these  two 
feeds  contain  nearly  the  same  amount  of  total  protein.   But 
it  certainly  is  not  very  likely  in  the  case  of  comparison 
of  cottonseed  meal  or  soybean  meal  with  linseed  meal  since 
their  protein  contents  differ  considerably.   Linseed  meal 
contains  approximately  32  to  36  percent  protein  while  cotton- 
seed meal  contains  l|.l  to  1^3  percent  protein  and  soybean  meal 
contains  from  lj.1  to  I4.I4.  percent  total  protein. 

For  example  experimental  results  showed,  for  both  fat- 
tening calves  and  for  fattening  older  beef  animals,  that 
linseed  meal  was  found  to  be  more  valuable  than  cottonseed 
meal  both  on  a  pound  for  pound  basis  and  on  a  crude  protein 
basis.  When  linseed  meal  is  more  valuable  than  the 
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cottonseed  meal  on  a  pound  for  pound  basis,  then  theoreti- 
cally the  linseed  Deal  should  be  a  great  deal  more  valuable 
when  fed  according  to  the  protein  content  of  the  feeds. 
This  basically  should  be  true  since  the  animals  fed  the  lin- 
seed meal  would  be  receiving  more  pounds  of  feed  than  the 
animals  fed  the  cottonseed  meal.  This  certainly  presents 
a  major  problem  since  it  is  not  feasible  for  them  to  obtain 
equivalent  results  under  two  such  opposing  methods  of  feeding. 

If  these  experimental  results  can  be  relied  upon,  then 
the  possibility  is  raised  that  the  crude  protein  method  of 
protein  supplement  evaluation  does  not  merit  the  credit 
that  it  has  been  given.   The  possibility  is  also  raised 
that  the  experiments  in  some  instances  may  not  have  been 
too  accurate.   It  is  not  the  purpose  of  this  paper  to  re- 
fute any  method  of  feed  evaluation,  but  merely  to  find  the 
most  accurate  method  which  can  be  used  by  livestock  producers. 
Due  to  the  disagreement  among  nutritionists  themselves  as 
to  the  proper  method,  it  becomes  a  very  complex  problem  in- 
deed for  an  economist  to  determine  the  most  accurate  one. 
It  seems,  that  if  any  one  of  the  methods  corresponds  closer 
than  any  of  the  others  to  the  actual  prices  which  have 
occurred  in  the  past,  then  that  method  should  be  the  most 
accurate.   But  first,  we  must  prove  our  hypothesis  to  be 
invalid  and  if  that  cannot  be  done  we  must  assume  that  it  is 
correct. 
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Statement  of  Relative  deeding  Values.   Interpretation 
of  Table  Ij.  has  been  done  in  the  following  manner.   Soybean 
meal,  currently  the  most  important  protein  supplement,  has 
been  used  as  the  basis  for  comparison.   Thus  soybean  meal 
has  been  given  a  value  of  100  percent  in  Table  5.  Where 
any  of  the  other  supplements  were  found  to  be  equal  on  a 
total  pound  for  pound  basis  to  soybean  meal  they  have  also 
been  given  a  value  of  100  percent  in  the  table.   In  the  case 
where  the  supplements  have  been  found  to  be  more  or  less 
valuable  than  soybean  meal,  an  approximate  percentage 
value  has  been  Riven  to  that  supplement.   It  is  important  to 
realize  that  these  are  only  approximate  values  since  no 
attempt  has  been  made  to  average  experimental  results. 

Table  5.  The  relative  feeding  values  of  four  major  plant 
protein  supplements  for  feeding  certain  classes 
of  livestock. 


<         :  Older   :         :         :'<Vintering 
Supple-   :  Dairy   :  beef    :   Beef   :  Lembsa   :  beef 
ment i  cattle  :  staers   :  calves  : :  steers 

Soybean  meal  100  100  100  100  100 
Linseed 

meal  100  11$  120  100  95 
Cottonseed 

meal  95  100  100  100  105 

Soybeans  100  100  90  100  95 

aThese  relative  feeding  values  for  fattening  lambs  are 
valid  when  legume  hay  is  fed  in  the  ration. 

lhis  table  can  be  substantiated  not  only  by  the  experi- 
mental results  reviewed,  but  also  by  a  similar  table  prepared 
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by  Mr.  R.  D.  Jennings,  of  the  United  States  Department  of 
Agriculture.  Mr.  Jennings  compares  these  same  four  protein 
supplements  for  four  different  classes  of  livestock  with 
corn  as  the  base  feed.  A  portion  of  the  table  prepared  by 
Mr.  Jennings  is  shown  in  Table  6. 

Table  6,  Relative  feeding  values  of  various  feeds  as  compared 
to  corn  for  different  classes  of  livestock.! 


:  Fattening 

!  Wintering 

t 

Supple-   : 

Dairy 

:   beef 

:   beef 

:  Fattening 

ment      I 

cattle 

t   cattle 

t   cattle 

:   lambs 

Cottonseed 

meal 

160 

250 

125 

225 

Linseed  meal 

160 

300 

225 

Soybean  meal 

170 

250 



225 

Soybeans 

170 

250 

*"™— 

225 

In  personal  correspondence  with  Mr.  Jennings,  he  makes 

the  following  statement  about  the  table  referred  to  above: 

The  percentages  in  Table  27  of  U.S.D.A. 
Circular  836,  are  based  mostly  on  feeding  trials 
as  reported  by  Morrison  in  Feeds  and  Feeding. 
Most  of  the  figures  were  rounded  to  the  nearest 
five  percent  as  it  was  felt  that  the  data  were 
not  that  accurate. 2 

Thus  it  is  felt  that  Table  5  can  be  uses  as  the  source 

of  relative  feeding  values  for  use  in  comparing  them  with  the 

actual  market  prices  which  have  occurred  in  the  past  in  order 


R.  D.  Jennings,  Consumption  of  Feed  by  Livestock,  1909- 
lQk?.  Table  27,  p.  53,  U.  S.  D.  A.  Circular  No.  036. 

Jennings,  personal  correspondence  with  the  author. 
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to  determine  If  market  prices  have  reflected  actual  relative 
feeding  values. 

PRICE  RELATIONSHIPS 

Have  actual  price  relationships  In  the  past  reflected 
relative  feeding  values  of  soybean  meal,  soybeans,  cottonseed 
meal  and  linseed  meal?   This  is  the  question  which  must  be 
answered. 

Past  price  relationships  most  important  to  Kansas  farmers 
can  be  approximated  by  observing  relationships  on  the  Kansas 
City  market.   The  average  monthly  prices  of  the  three  supple- 
ments, linseed  meal,  cottonseed  meal  and  soybean  meal  have 
been  derived  by  averaging  the  hlgh3  and  lows  for  each  month 
on  the  Kansas  City  market  for  the  years,  1932  to  1951).  inclu- 
sive.  Cash  prices  were  not  us^d  for  soybeans  since  we  are 
primarily  concerned  with  the  soybeans  which  are  fed  on  the 
farm  where  they  are  grown.  Thus  prices  received  by  Kansas 
farmers  have  been  used  for  soybeans.   The  mid-month  average 
price  received  by  farmers  for  soybeans  has  been  used  for  the 
years,  1932  to  195k  Inclusive. 

Table*  7,  8,  9  and  10  show  the  average  monthly  prices 
for  the  four  feeds,  soybean  meal,  cottonseed  meal,  linseed 
meal,  and  soybeans,  in  that  order.   Soybean  prices  were  taken 
from  the  Farm  Facts  publications  of  the  Kansas  State  Board 
of  Agriculture  and  the  prices  for  the  other  three  feeds  were 
taken  from  the  Kansas  City  lira  in  Market  Review,  published 
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by  the  Kansas  City  Board  of  Trade.  These  tables  are  presented 
to  show  the  prices  which  have  been  used  for  comparison  with 
relative  feeding  values  and  other  statistical  methods  of 
comparison  which  are  shown  on  the  following  pages. 

Table  l\.   was  used  as  the  basis  for  the  relative  feeding 
values  used  and  Tables  7,   8,  9  ar*d  10  were  used  as  the  prices 
in  preparing  the  price  ratio  charts  which  are  shown  on  later 
pages. 

The  Regression  Line 

3efore  a  comparison  could  be  made  between  actual  prices 
and  relative  feeding  valuns,  a  statistical  measure  had  to 
be  used  to  determine  the  actual  price  relationship  between 
any  two  of  the  feeds.  A  type  of  simple  regression  has  been 
used  since  only  two  variable?  were  encountered  in  actual  price 
data.  The  formula  used  for  this  simple  regression  was  7. 
equals  A  /  Bx. 

A  regression  line  has  been  computed  from  price  data  for 
comparison  of  the  prices  of  each  of  the  feeds  with  the  other 
three.   It  is  not  necessary  to  show  each  of  these  lines  in 
graphic  form  since  the  regression  lines  are  shown  on  the 
price  ratio  charts  on  the  following  pages.   The  formulas 
for  each  of  the  regression  lines  computed  have  been  shown 
in  Table  11. 
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Price  Ratio  Charts 

A  price  ratio  chart  has  been  used  here  to  compare  the 
relative  feeding  values  for  the  different  classes  of  livestock 
with  the  regression  relationship  of  the  prices  of  each  of  the 
two  feeds. 

Linseed  Meal  with  Soybean  Meal.   Figure  If  shows  the 
comparison  of  linseed  meal  with  soybean  meal  for  feeding 
the  five  classes  of  livestock,  dairy  cows,  fattening  calves, 
fattening  yearling  and  two  year  old  cattle,  wintering  beef 
cattle,  and  fattening  lambs. 

The  regression  line  ZZ  shows  the  actual  price  relation- 
ship between  the  two  feeds  for  the  years  studied.   The  regres- 
sion line  shows  that  there  has  been  a  change  in  the  relation- 
ship between  linseed  meal  and  soybean  meal  prices  during  the 
period.  At  lower  prices  linseed  meal  was  higher  in  cost  than 
soybean  meal  while  at  higher  prices  the  relationship  is  ex- 
actly the  opposite.   It  must  be  explained  that  the  lower  prices 
all  occurred  prior  to  and  during  the  second  World  War,  and 
the  prices  since  19i)-6  have  been  above  those  occurring  in  the 
earlier  period.  During  the  war  the  price  of  these  two  feeds 
was  stabilized  between  50  and  54  dollars  per  ton.  Figure  3 
shows  that  after  prices  went  above  50  dollars  per  ton,  there 
tended  to  be  a  greater  differential  between  the  actual  price 
relationship  and  the  relative  feeding  values  for  the  different 
classes  of  livestock. 
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Since  it  has  been  assumed  that  the  relative  feeding  values 
are  correct,  the  conclusion  from  study  of  this  figure  has 
been  that  livestock  feeders  could  have  paid  more  for  linseed 
meal  than  they  did.  l'hat  is,  it  would  have  been  more  profit- 
able to  feed  linseed  meal  than  soybean  meal  to  either  fatten- 
ing calves  or  for  fattening  older  beef  animals.  The  figure 
shows,  above  prices  of  70  dollars  per  ton,  that  the  actual 
price  relationship  in  the  market  did  reflect  the  relative 
feeding  value  of  the  feeds  for  fattening  lambs,  dairy  cattle, 
and  for  wintering  beef  cattle. 

Soybean  i.leal  and  Cottonseed  Meal.  Figure  1).  shows  the 
relationship  between  the  actual  prices  on  the  Kansas  City 
market  for  soybean  meal  and  cottonseed  meal,  and  the  rela- 
tive feeding  values  for  the  five  classes  of  livestock  with 
which  we  have  been  concerned.   The  regression  line  denoting 
prices  of  the  two  feeds  shows  equality  between  them.  The 
relative  feeding  value  of  cottonseed  meal  and  soybean  meal 
shows  them  of  equal  value  for  fattening  lambs,  for  fattening 
beef  calves  and  for  fattening  older  cattle.   The  relative 
feeding  values  for  dairy  cattle  and  for  wintering  beef 
cattle  do  not  exactly  coincide  with  the  actual  price  rela- 
tionship line  as  do  the  others,  but  they  still  fall  within 
the  standard  error  of  3.783.   Thus  in  the  case  of  theBe  two 
feeds,  actual  average  yearly  price  relationships  have  reflec- 
ted the  relative  feeding  value  for  the  different  classes  of 
livestock. 
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Linseed  Meal  and  Cottonseed  Meal.   Figure  5  shows  the 
relationship  between  actual  prices  and  relative  feeding  values 
for  linseed  meal  and  cottonseed  meal.   The  regression  line 
ZZ  shows  that  cottonseed  meal  prices  have  been  higher  on  the 
market  than  linseed  meal  prices.  Thus  according  to  the 
relative  feeding  values  for  fattening  calves,  dairy  cows 
and  fattening  older  steers,  the  actual  prices  have  not 
reflected  feeding  values.   This  is  true  for  the  higher 
prices  as  near  the  middle  of  the  regression  line  all  the 
relative  feeding  values  fall  within  the  standard  error  of 
6.1553.  Since  the  high  prices  have  been  in  the  last  10  years, 
it  is  felt  that  during  this  period  up  to  December  of  195V 
the  actual  prices  have  not  reflected  relative  feeding  values. 
According  to  the  figure  the  livestock  feeder  could  have  paid 
a  higher  price  for  the  linseed  meal  and  still  have  the  more 
economical  feed. 

Soybeans  with  Linseed  Meal.  Figure  6  shows  the  compari- 
son relative  feeding  values  and  past  price  relationships 
between  linseed  meal  and  soybeans.  According  to  the  relative 
feeding  values  of  soybeans  and  linseed  meal  (Fig.  7)  lin- 
seed meal  has  been  found  to  be  at  least  equal  to,  if  not 
better  than,  soybeans  for  feeding  the  different  classes  of 
livestock.   The  actual  price  relationships  have  not  shown 
this  to  be  true.  Thus  accordingly  one  could  not  economical- 
ly feed  his  soybeans  raised  on  the  farm  since  linseed  meal 
could  be  bought  at  a  lower  price  relative  to  its  feeding 
value. 
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Soybeans  with  Soybean  Meal.  Figure  7  shows  the  com- 
parison between  soybeans  and  soybean  meal.   In  this  case 
relative  feeding  values  seem  to  show  that  a  higher  price 
could  have  been  paid  for  soybean  meal  then  for  soybeans, 
than  the  actual  price  relf-clonship  denotes. 

Soybeans  with  Cottonseed  Meal.  Figure  3  shows  the 
comparison  of  the  relative  feeding  values  and  the  past  price 
relationships  between  cottonseed  meal  and  soybeans.   Analysis 
shows  that  the  soybean  prices  have  been  higher  on  the  mar- 
ket than  their  relative  feeding  value  has  warranted. 

Comparison  of  the  Figures  6,  7  and  8  show  that  soy- 
beans have  been  overpriced  on  the  market  in  relation  to 
their  relative  feeding  value  for  the  different  classes  of 
livestock.   The  actual  reason  seems  to  be  that  processors 
pay  a  hicher  price  for  soybeans  because  the  oil  contained 
in  the  beans  has  a  relatively  higher  value.   Thus  an  out- 
side factor  causes  the  price  of  soybeans  to  be  out  of  pro- 
portion to  their  feeding  value. 

Determining  the  most  Economical  Supplement  using  the 
Different  Methods  of  Evaluation 

For  19it9.   It  was  felt  that  a  random  selection  of  one  year 
should  be  made  to  determine  if  there  has  been  any  close  relation- 
ship between  the  lowest  cost  supplement  for  each  month  by  the 
use  of  the  four  different  methods  of  protein  supplement  eval- 
uation.  Therefore  the  23  years  were  arrayed  and  by  the  use  of 
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a  table  of  random  numbers  the  particular  year  to  be  studied 
was  selected.  The  sample  year  was  selected  by  using  a  table 
of  random  numbers.   This  year  which  was  selected  was  19i(-9» 

Table  12  shows  the  average  monthly  prices  of  the  four 
supplements  for  19i|9«   These  prices  have  been  used  for  com- 
putation of  the  least  cost  supplements  using  the  different 
methods  of  protein  supplement  evaluation. 

Tables  5  and  12  have  been  used  to  determine  the  most 
economical  supplement  for  the  different  classes  of  livestock 
when  the  relative  feeding  value  method  has  been  used.   The 
lowest  cost  supplements  found  by  use  of  this  method  have  been 
shown  in  Table  13. 

Table  13  shows  that  there  was  a  good  deal  of  variability 
as  to  the  most  economical  supplement  for  feeding  to  the  five 
different  classes  of  livestock  during  the  months  of  I9I4.9. 
In  particular  linseed  meal  was  found  to  be  most  economical 
during  11  months  of  the  year  for  fattening  calves,  and  the 
most  economical  during  10  months  of  the  year  for  fattening 
older  steers. 

The  least  cost  supplements  have  been  computed  by  use  of 
the  total  protein  method  and  the  digestible  protein  method 
for  the  months  of  19i|-9»   The  results  of  this  computation  have 
been  shown  in  Table  II4.. 

Table  llf.  shows  that  at  no  time  during  I9I+9  was  linseed 
meal  found  to  be  the  least  cost  supplement  when  the  digestible 
protein  and  total  protein  methods  were  used,  as  was  the  case 
when  the  relative  feeding  value  method  was  used. 


Table  12. 

Average  monthly  prices   of  the  various 
for  1949. a 

78 
supplements 

Month 

Joll&rs    per   ton   19U9 

:     Soybean      :    Linseed        :   Cottonseed 
i       meal          :     meal            :        meal 

! 

Soybeans 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

70.16 
66.83 
65.64 
68.95 
70.59 
74-51 
83.99 
100.12 
83.56 
73.17 
69.60 
69.20 

90.09  71.64 
77.24                  67.75 
71.50                  63.93 
70.08                  63.57 
67.12                  64.09 
61.43                  65.77 
67.17                  72.13 

li*7»                 b|!°3 

73.10  67.90 
76.61                 69.64 
79.68                 69.04 

lt.ll 
60.32 
67.32 
69.32 
67.32 
72.67 
80.00 
71.76 
63.32 
65.00 
63.32 

"Sources  of  these   prices  are  Tables   7,   8,   9  e 

Table  13.      The  most   economical   supplement   to  buy 
the  relative  feeding  value  method  for 
classes   of   livestock  for   19^9. 

nd   10. 

by  use  of 
the  different 

Month      : 

: 

Fattening: 

S 

calves      : 

Dairy     :    Fattening   :Fattan] 

:      older          : 

cows      :      steers        :    lambs 

• 

Wintering 

beef 

cattle 

January 
February 
March 
April 

May 

June 

July 

August 

September 

October 

November 

December 

SBM 
LSM 
LSM 
LSM 

m 

LSM 
LSM 
LSM 
LSM 
LSM 
LSH 
L3 

SBM                  8S                      SBM 
SBNS               SBNS                 SBNS 
IBM                 LSM                   CSM 
CSM                 LSM                   CSM 
U 1                  LSM                     CSM 
U                    LSM                   LSM 
LSM                  LSM                     LSM 
LSM                 LSM                   LSM 
LSM                  LSM                     CSM 
SBNS                LSM                     CSM 
SBNS                LSM                     SBNS 
SBNS                LSM                     SBNS 

CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
CSM 
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Table  llj..  The  cheapest  supplement  by  both  the  total  protein 
and  digestible  protein  methods  of  feed  evaluation 
for   I9C.9. 


. 

:     Cost 

:                       : 

Cost 

Month 

:      Total 

:    (cents 

digestible    : 

(cents 

:    protein 

:    oer   lb.) 

:    uroteln       : 

per   lb. ) 

January 

SBM 

.0855 

SBM 

.1013 

February 

SBM 

.0815 

SBM 

.0970 

March 

CSM 

.07796 

CSM 

.0939 

April 

CSM 

.07752 

CSM 

.0933 

May 

CSM 

.07315 

CS*J 

.09fe 

June 

CSM 

.08021 

CSM 

.O966 

July 

CSM 

.03797 

CSM 

.1059 

August 

CSM 

.08908 

CSM 

.1073 
.0962 

September 

CSM 

.08280 

CSM 

October 

CSM 

CSM 

.0990 

November 

SBM/CSM 

.081+83 

S3NS 

.09&4 

December 

Hi 

.081|29 

SBNS 

.1137 

Table  15  has  been   prepared   to  show   the  value   of   the  four 
feeds   as   compared   to  soybean  meal  during  1914-9.      Since   the 
price   of  corn   effects   the  value   of   the  feeds  when   the  Morrison 
constant  method  has   been  used,    it  was   felt  that  any  fluctua- 
tion which  might  have   occurred   in  the   price   of  corn   should  not 
be  allowed   to  effect  the  value  of  the  feeds.      Therefore   the 
price   of  corn  was  held   constant  at   #1.50  a  bushel   in   the 
computations. 

Table   l6   shows    the  comparison   of    the  most   economical 
supplement  for   fattening   lambs  by  the  use   of  the  four  dif- 
ferent methods    of    protein   supplement   evaluation. 

Analysis   of  Table   l6   shows   considerable  agreement  among 
the   total  protein,   digestible   protein,   and  the  relative  feeding 
value  methods  for  fattening   lambs,  while  the  Morrison  constant 
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Table  15.   The  value  of  the  "our  feeds  as  compared  to  corn 
and  soybean  meal  by  use  of  the  Morrison  constant 
method  for  19i^g.a 


:      Least 

Linseed 

:Cottonseed 

Soybeans 

:    Soybean 

:      cost 

meal 

:       meal 

:     meal 

:      supplement0 

66.39 

62.78 

73.80 

70.16 
66.83 
65.64 

SBM 

63.75 

59.66 

70.93 
69.91 

SBNS 

62.81 

53.81 

SBNS 

65.14-3 

61.72 

72.76 

68.95 

SHffS 

66.73 

63.16 
66.60 

714-.17 

70.59 

SBNS 

69.83 

77.514 

714.51 

SBNS 

77.314- 

714.92 

85.71 

33. 99 

SBNS 

90.12 

89.09 

99.59 

100.12 

LSti 

77.00 
68.77 

Jk.SS 

65.^ 

35.314 

33.56 

SBKS 

76.39 

69.60 

SBNS 

65.63 

62.29 

73.32 

SBNS 

61.914. 

72.97 

69.20 

SBNS 

aConstants  were  taken  from  Table  1  and  prices  of  the  feels 
from  Table  12. 

"The  least  cost  supplement  was  determined  by  comparing 
the  values  in  this  table  with  the  average  monthly  prices  in 
Table  12. 

Table  16.   Comparison  of  four  methods  of  protein  supplement 
evaluation  for  fattening  lambs  using  average 
monthly  prices  for  I9I4.9. 


_ 

nelative      : 



Month 

:     Total 

:   Digestible: 

feeding         : 

Morrison 

:      protein 

:    protein        : 

values           : 

constant 

January 

SBM 

am 

SBM 

SBM 

February 

am 

SBM 

SBNS 

SBNS 

March 

CSM 

CSM 

CSM 

SBNS 

April 

cm 

on 

CSM 

SBNS 

May 

CSM 

CSM 

CSM 

33NS 

June 

can 

CSM 

CSM 

SBNS 

July 

en 

CSM 

GM 

SBNS 

August 

CSM 

CSM 

Ul 

September 

CSM 

CSM 

on 

SBNS 

October 

0S- 

CSM 

on 

SBNS 

November 

CSM/SBM 

SBNS 

CSM 

SBNS 

December 

SBM 

SBIS 

CSM 

SBNS 
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method  seems  to  show  considerable  disagreement  with  the 
other  three  methods. 

Comparison  of  Table  l6  with  Table  13  shows  that  the 
relative  feeding  value  method  hardly  compares  at  all  with 
the  other  three  methods  for  fattening  calves,  fattening 
older  beef  cattle  and  for  feeding  dairy  cows.  Results  show 
that  comparison  of  the  relative  feeding  value  method  for 
wintering  cattle  with  the  total  protein  and  digestible  pro- 
tein methods  are  somewhat  similar,  but  for  the  Morrison  con- 
stant method  shows  relatively  little  similarity.   This 
situation  seemed  to  warrant  the  study  of  another  year's 
prices  before  making  any  definite  conclusion  as  to  the 
comparability  of  these  four  different  methods  of  feed  eval- 
uation.  Therefore  1954  prices  were  selected  to  be  studied. 

For  19 5k.  Table  17  shows  the  average  monthly  prices  of 
the  four  protein  feeds  for  195k. 

Table  17.  The  average  monthly  prices  of  the  various  supplements 
for  195k. 


:   Cottonseed: 

Soybean 

:    Linseed        : 

Month 

:        meal           : 

meal 

:     meal 

:        Soybeans 

January 

77.65 

82.18 

81.58 

88.26 

February 

75-66 

86.2k 

81.61 

91.32 

March 

77.21 

93.50 

80.  k7 
89.06 

100.32 

April 

79.35 

103.37 

109.00 

May 

77.31 

99.50 

89.78 

112.32 

June 

75.2k 
79.76 

98.17 

7k.  56 

105.00 

July 

103.38 

70.66 

106.66 

August 

8k.  k6 
76.7k 

97.71 

70.36 

96.66 

September 

79.k8 
76.  k9 

72.00 

7-1.32 

October 

70. k7 

7k.  30 
76.97 

82.00 

November 

80.18 

77.78 

3k.66 

Uec  ember 

80.95 

70.50 

79.27 

33.70 
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Table  18  shows    the   cheapest   supplement   to  feed   to  the 
five  different  classes   of   livestock  when  the  relative  feed- 
ing value  method   is  used   for   prices   occurring   in   195>l|.» 

Table   18.     The  cheapest   supplement  during   the  months   of   1951j- 
when   the  relative  feeding  value  method   is   used. 


: 

Older 

:  Wintering 

Month   : 

Dairy 

Beef    i 

beef 

:    beef 

Lambs 

cows 

calves  : 

cattle 

:   cattle 

January 

LSM 

LSM 

LSM 

CSM 

CSM 

February 

CSM 

LSM 

LSM 

CSM 

CSM 

March 

LSM 

LSM 

LSM 

CSM 

CSM 

April 

C3M 

LSM 

LSM 

CSM 

CSM 

May 

en 

LSM 

LSM 

CSM 

CSM 

June 

LSM 

L  .  : 

LSM 

CSM 

LSM 

July 

LSM 

LSM 

LSM 

03:! 

LSM 

August 

LSM 

um 

ua 

LSM 

LSM 

September 

LSM 

LSM 

LSM 

CSM 

L,  ' 

October 

LSM 

LSM 

LSM 

CSM 

LSM 

November 

LSM 

LSM 

LSM 

CSM 

LSM 

December 

SBM 

LSM 

LSM 

CSM 

S3M 

Table   19  has  been   prepared   to  show   the  lowest  cost   supple- 
ment for  the  months   of   1951+  of   the  digestible   protein  method 
and   the  total   protein  method. 

Analysis   of  Table  19   shows   that   only  soybean  meal  and 
cottonseed  meal  were   found   to  be   the   cheapest   supplement 
by  either  the  total   protein  method   or  the  digestible   protein 
method  for  the  months   of   1951+.      3y  making  a  comparison  between 
these   two  methods  and  the  relative  feeding  value  method  we 
can  see   if   the  results   of   this   year's    prices  are   similar 
to  those  for   19l(.9. 
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Table  19«  The  cheapest  supplement  by  both  the  digestible 
protein  and  total  protein  methods  of  feed  eval- 
uation for  195I4.. 


• 

:      Cost 

:                        : 

Cost 

Month 

:     Total 

:    (conts 

i    Digestible: 

(cents 

1      nrotein 

:    per   lb.) 

:      orotein     : 

per   lb.) 

January 

S3M 

.0934 

SBM 

.1111 

February 

CSit 

.0925 

CSM 

.1114 

March 

CSal 

.0*1 

.0967 

CSM 

.11&5 

April 

en 

CSM 

May 

CSM 

.0942 

cs< 

.uss 

June 

CSM 

.0917 

CSM 

.1105 

July 

GSM 

.0972 

CSM 

.1172 

August 

CSM 

,1040 

CSM 

.12kl 

September 

SBM 

.0903 

SBM 

.1074 

October 

SBM 

.0869 

SBM 

.1033 

November 

.0834 

SBM 

.1051 

December 

SBM 

.0992 

ua 

.1061 

It  was  found,  upon  analyzing  Table  13,  that  according 
to  the  relative  feeding  value  method  linseed  meal  was  the 
cheapest  feed  for  fattening  lambs  for  six  months  out  of  the 
year  of  19$4«   Only  soybean  moal  and  cottonseed  meal  were 
found  to  be  the  cheapest  feeds  when  total  protein  or  digestible 
protein  methods  were  used  as  shown  in  Table  19»  For  this 
particular  year  the  two  protein  content  methods  indicated  that 
the  same  supplement  was  the  cheapest  for  each  month.   If  our 
hypothesis  is  correct,  then  there  is  something  wrong  with 
the  other  two  methods.   It  Is  possible,  since  these  two  are 
in  relative  agreement  for  both  1949  a"d  1954,  that  the  hy- 
pothesis is  incorrect  although  it  is  a  difficult  problem 
to  attempt  to  prove  that  animal  feeding  results  are  not  the 
most  accurate  method  of  protoln  supplement  evaluation.   Before 


any  further  statements  can  be  nnde  on  this  subject,  there 
is  another  mothod  of  feed  evaluation,  the  Morrison  constant 
method,  which  has  been  compared  to  market  prices. 

Table  20  shows  the  value  of  cottonseed  meal,  linseed 
meal,  and  soybeans  as  compared  to  soybean  meal  when  the 
Morrison  constant  method  has  been  used  to  determine  the  value 
of  the  feeds.   Soybean  meal  and  corn  have  been  used  as  the 
base  feeds  in  this  computation.   It  must  be  realized,  when 
this  method  of  evaluation  is  used,  that  the  price  of  corn 
may  have  a  profound  effect  in  the  determination  of  the 
cheapest  feed.   Tims  not  only  is  one  concerned  with  fluc- 
tuation in  the  price  of  the  protein  feeds,  but  also  with  any 
fluctuation  in  the  price  of  corn.   It  is  felt  that  it  would 
be  advantageous  to  show  what  the  cheapest  feed  would  have 
been  if  the  price  of  corn  did  not  fluctuate  during  the  year 
of  1954.  Thus  the  corn  price  was  held  oonstant  at  a  value 
of  $1.50  per  bushel  in  the  computations  made  for  Table  20. 

Table  21  contains  the  supplements  which  were  found  to 
be  most  economical  for  fattening  lambs  during  the  months 
of  1954  by  the  four  methods  of  protein  supplement  evaluation. 

There  is  some  disagreement  between  the  four  different 
r.ethods  of  evaluation,  but  in  the  main  they  are  very  similar 
for  fattening  lambs.  Would  this  be  true  for  the  other 
classes  of  livestock?   To  be  able  to  answer  this  question, 
it  becomes  necesssry  to  check  only  the  relative  feeding  value 
method  since  the  other  three  make  no  distinction  between 
classes  of  livestock. 


85 

Table  20. 

The  value 

of   the  various 

foois   usi 

ig  Morrison 

constant 

/a lues   for   195lj 

.a 

Cotton- 

: 

: 

seed 

Soybean   : 

Linseed    :   ioyt 

eans      : 

Least   cost 

meal 

meal        : 

meal        ! 

: 

suoplementb 

a. 3i 

6^.16 

Y5.^1            04. 

Ik 

SBM 

75.72 

86.214. 

79.12            07. 

SBM 

83. 87 

93.  50 

dk.87            93.3c 

CSM 

turn 

103.37 

92.69          102. 

32 
06 

M.fk 

99.50 
98.17 

89.62          99. 

CSM 

87.37 

88.57          97. 

91 

LSM 

?J-95 
86.97 

70.96 

69.S.7 

103.38 

92.70         102. 

I4.0 

LSM 

97.71 

88.21          97. 

52 

LSM 

7?A8 
76.14.9 

73.77           31. 

32 

S3HS 

71.I4.O           79. 

u 

CSM 

77.78 

72.1+2           80. 

SBM 

70.10 

78.50 

72.99           80. 

98 

SBM 

•Constants  have 

been  taken  from  Table  2. 

bThe 

least   cost 

supplement  was  found  by 

comparing  the 

values   shown   In  this 

table  with  the   pr 

ice   of 

the  feeds   shown 

In  Table 

L7. 

Table  21. 

The   cheapest   supplement 

for 

fatten 

lng  lambs  during 

19514-.  by 

four  different 

methods   of 

feed   evaluation.6 

s   fl 

alatlve 

; 

Month 

:   Digestible:      Total 

:    f 

eeding 

:        Morrison's 

:      protein     :      protein 

: 

values 

:           constant 

January 

February 

CSM 

cs;.i 

CSM 

8  BH 

March 

CS  A 

CSM 

CSM 

April 

C  a ; 

CSM 

CSM 

CSM 

~'r  J 

CSM 

QS1 

CSM 

CSM 

June 

CSM 

CSM 

LM 

LSI 

July 

CS  ' 

OM 

LSM 

LSM 

August 

CSM 

CSM 

LSM 

LSM 

September 

SBM 

SBM 

LSM 

S*?1!S 

October 

SBM 

SBM 

LSM 

Novenber 

SBM 

SBM 

LSM 

SBM 

December 

SBM 

SBM 

SBM 

SBM 

aSummary  of   Tables   18,    19  and 

20. 
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In  comparison  of  Table  21  with  Table  13  it  can  be  seen 
that  the  relative  feeding  value  method  does  not  agree  very 
well  with  the  other  three  methods  when  they  are  used  to 
determine  the  value  of  the  various  feeds  for  fattening  calves 
end  for  fattening  older  beef  steers.  The  relative  feeding 
value  method  for  dairy  cows  is  more  comparable  with  the 
other  three  methods,  but  still  is  not  too  satisfactory. 
For  wintering  cattle  and  fattening  lambs  the  results  are  more 
similar. 

It  is  not  an  economist's  position  to  determine  which  of 
these  methods  is  most  accurate.   This  is  the  obligation  of  the 
animal  nutritionist.   Thus,  an  economist  must,  of  necessity, 
use  what  the  nutritionist  finds  and  analyze  prices  accordingly. 
Thus,  since  some  important  nutritionists,  such  as  Frank  B. 
Morrison,  have  made  the  statement  that  results  of  animal 
experiments  most  accurately  show  the  feeding  value  of  the 
different  feeds,  it  is  felt  that  this  method  is  more  accurate 
than  any  of  the  others.   Possibly  one  of  the  reasons  is  that 
this  method  distinguishes  between  the  different  classes  of 
livestock  while  the  digestible  protein,  the  crude  protein, 
and  the  Morrison  constant  methods  are  merely  arithmetic 
computations  using  feed  contents  as  the  basis  of  the  value 
(only  lamb  and  steer  rations  have  been  used  to  determine  the 
digestibility  of  the  nutrients  in  the  feeds). 

The  greatest  variation  between  methods  has  occurred  in 
the  case  of  fattening  beef  cattle,  both  calves  and  older 
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animals.  Reference  is  made  here  to  the  value  found,  in 
experiments,  for  linseed  meal  in  relation  to  the  other  feeds. 
Linseed  meal  was  found  to  be  considerably  more  valuable  on  a 
pound  basis  than  either  cottonseed  moal,  soybean  meal,  or 
soybeans.   The  statement  has  been  made  in  personal  interviews 
with  animal  nutritionists  that  in  many  of  the  experiments  more 
protein  was  supplied  than  necessary  and  that  some  factor  con- 
tained by  linseed  meal  other  than  protein  caused  cattle  to 
which  it  was  fed  to  have  somewhat  more  glossy  finish  than 
cattle  fed  other  supplements.   Also  if  only  sufficient  pro- 
tein was  fed  to  balance  the  ration,  linseed  meal  might  not 
so  greatly  outproduce  the  other  feeds.   If  this  is  true, 
further  experimentation  must  be  necessary. 

It  has  also  been  stated,  In  reference  to  fattening  lambs 
in  particular  and  the  other  classes  of  livestock  in  general, 
that  rations  which  contain  legume  hay  cannot  be  used  in  ac- 
curate protein  supplement  comparisons.   If  this  is  true,  than 
this  accentuates  the  need  for  further  experimentation  in  this 
field. 

A  Half  Way  Measure 

In  reference  to  the  value  of  linseed  meal  for  fattening 
cattle,  one  experiment  station  tends  to  hedge  the  difference 
between  the  crude  protein  method  of  evaluation  and  the  rela- 
tive feeding  value  method.   In  personal  correspondence  with 
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Prof.   T.   W.    Perry  of   the   Purdue    (Indiana)    Experiment  Station, 

Prof,    Perry  makes   the   following  statements: 

Actually  it   is  rather  hard    to  evaluate   the 
comparative  feeding  value   of   linseed  meal,   cotton- 
seed meal,    or  soybean  meal  as   sources   of    protein 
supplement  for   fattening  beef   cattle.      It  has  been 
our  opinion  that   the   three  are   interchangeable  on 
a   pound  for   pound   basis   under  most   beef   cattle   feeding 
conditions.      I  realize   that   the  whole  story  is  rather 
confusing  because  we   list   the   protein  requirements 
of   cattle   on  the  basis   of    pounds   of  aotual  protein 
or   crude   protein. 

Many  showmen  feel  that  linseed  meal   is   superior 
to  either   of   the  two  other   oil  meals  due   to  the 
fact  that   it   contains   a    'bloom'    production  material. 
However,   from  a  nutrition   point   of  view   I   believe  that 
I  would  rate  the  three  as  almost   equal  on  a   pound  for 
pound  basis. 

We  have  been  recommending   to  cattle  feeders    that 
they  buy  protein  supplements   on  a   cost   per   pound   of 
8upplement--not   on  the  cost   of   crude   protein.  1 

Thus   Prof.    Perry  seems   to  have   come  half  way  between 
the  results   of   the  two  methods   in  making  the  above   statements. 

Using   Prof.    Perry's  basis   of  comparison  a   table  has 
been   prepared  which  shows  which  supplement  was   the   cheapest 
on  the  Kansas   City  market  for   the   years    1932   to  I9SI4..      The 
supplement  which  was    the  cheapest   in   cost   per   pound   of  feed 
during   eaoh  month  of   the  23  years   is   shown   in  Table  22. 

Rather  startling  results  were  found  when  this   comparison 
was  made.      It  will  be  noted   In  Table  22   that   certain   supple- 
ments  tended   to  have  a   period  during   the  year  when  they  were 
cheaper  than  the  other  feeds.      This    is  more   easily  seen   in 
Table  23.     This   table   shows   the   percentage   of   times   each 


Personal  correspondence  with  Prof.   T.  W.    Perry. 
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supplement  has  been  the   cheapest   per   pound  for   each  month 
of   the  year  for   the  23  years   of   prices  which  have  been  used. 
It  seems   that  linseed  meal  has   tended  to  be   lowest   In   price 
during  the  months   of   June,   July,  August,   and  September  from 
1^7   to  52   percent  of   the   tine.      Soybean  meal  has   tended   to  be 
lowest   In  cost  during  the  months   of   October  and  November  from 
1^.7  to  52   percent  of  the  time.      Cottonseed  meal  has    tended 
to  be  cheapest   in   price  during   the   spring   of   the   year,   although 
not   In  as   great  a   proportion  of   the   time  as  have  the   other 
two  feeds  during   other   periods   of   the  year. 

A  much  more   outstanding  relationship  was   found  when   only 
prices  from  lgi^O   to  I95I4.  were  used.      When  only  prices   for 
these  years  were  used   linseed  meal  was    the  cheapest   supplement 
in  cost   per   pound  from  66   to  87   percent  of   the  time  during 
June,   July,  August,   and  September.      This   is   sho\rn  in  Table  2lj.. 

If   Prof.    Perry's   basis   of   comparison   is  valid,   it  be- 
comes a  very  simple   thing   to  determine  which  feed   to  buy  for 
fattening  beef  cattle.     Some  question   can  be  made   as   to  its 
validity  as   It   seems    to  be  merely  a  hedge  which  is  used   In 
lieu  of   the  use   of   the  conflicting  results  from  other   protein 
supplement    evaluation  methods. 

It   is   felt,   at   the   present  time,   that   sufficient   proof 
is  not  available  as   to  which  is   the  most  accurate  method   of 
protein   supplement   evaluation.      Therefore   it   is  recommended 
that   experiments  be  designed   to   provide  nutritionists  and 
economists  with  positive  results   so   that  the  most  accurate 
method   can  be   Identified. 
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As   soon  as  further   experiments   have  been  conducted 
and   the  most  accurate  method  of   evaluation  has  been  deter- 
mined then  methods   of   long-run   planning  can  be  utilized. 
Such  methods  as   an   index  of   seasonal  variation   can  be  used 
at  the   present   time  but   their  reliability  is   effected  by  the 
method   of   evaluation  which  is  used. 

The  Index  of  Seasonal  Variation 

An   index  of   seasonal  variation   is  a   statistical  measure 
defined  as  a   tool  which  shows   the  month  to  month  change   in 
a   time  series   that   is  due  to  the  season  of   the  year.l     That 
is,   all  effects   of  trend  and   cycle  have  been  removed  and   only 
the   effects   of   the   season  or   time  of   the  year   effect  the 
series   of    prices.      The   seasonal  high  and   low   periods   of   the 
year   can  be  used  as   choice   indicators   in  selecting   the  most 
economical  feed  during  the  different  months   of   the   year.     The 
seasonal   index   Is   one  means   of   solving   the   problem  of  when 
the  average  low   price  has   occurred  during   the  year.     This 
index  is,   however,   only  an  average.      Therefore   It   is   not   safe 
to  rely  entirely  upon   the   seasonal  for   price   forecasting. 
It   is   important   to  know   just  how   often  the  seasonal   price 
change  has   occurred.     With  the   seasonal  index  and   the  rela- 
tive frequency  of   the   seasonal  occurance,    one  has   the   tool3 
necessary  for  use   in   long-run   planning. 


^•Blair,   Morris   and  Myers,    Elementary  Statistics ,    p.  1(1).3« 


Amplitude  of  seasonal  variation  Is  the  range  Iron  the 
lowest  to  the  highest  month.*    The  greater  the  amplitude  of 
a  seasonal  the  greater  the  tendency  for  the  seasonal  to  react 
In  Its  average  way.    This  is  true  rrcvidlng  the  Index  of 
Irregularity  is  not  overly  large.    An  index  of  irregularity 
is  described  as  the  average  deviation,  disregarding  plus  or 
minus  signs,  from  the  seasonal. 

An  index  of  seasonal  variation  has  been  computed  for  eaeh 
of  the  four  major  plant  protein  supplements,  linseed  meal, 
soybean  real,  cottonseed  msal,  and  soybeans,  for  the  years 
1932  to  19?+.     These  seasonals  show  the  average  change  which 
has  occurred  during  this  period  from  month  to  month  during 
the  year.     The  index  of  irregularity  has  been  computed  for 
each  of  the  seasonals  slewing  the  average  deviation  from  the 
index.    The  seasonal  index  for  soybeans  shows  each  more 
aplitude  than  do  the  seasonals  for  any  of  the  other  feeds. 
Thus  it  is  folt  that  a  livestock  feeder  con  rely  more  on  the 
soybean  seasonal  index  than  on  any  of  the  others. 

Table  25  shows  the  seasonal  indexes  and  the  indexes  of 
irregularity  for  the  four  feeds  for  the  23  years  of  prices 
which  were  studied.     This  table  also  shows  the  seasonals 
for  the  sane  feeds  for  the  years  19W8  to  1951*.     These  sea- 
sonals were  prepared  to  determine  if  there  had  been  any  change 
in  seasonal  price  increases  and  decreases  since  the  war.    Except 
for  soybeans,  the  seasonals  were  more  pronounced  for  this 


Blair,  Morris  and  Myers,  ojj.  fill.,  p.Wt. 
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shorter  period.  Also  the  Index  of  irregularity  for  each  of 
the  feeds  tended  to  be  smaller  for  the  shorter  period  than 
for  the  full  23  years.   This  seems  to  show  that  there  has 
been  a  greater  tendency  for  prices  to  increase  or  decrease 
in  the  same  fashion  year  after  year. 

CONCLUSIONS 

From  a  thorough  study  of  these  four  methods  of  protein 
supplement  evaluation,  it  has  been  noted  that  it  was  an 
extremely  difficult  problem  to  determine  the  most  accurate 
or  valuable  method.  This  was  true  primarily  for  the  simple 
reason  that  animal  nutritionists  themselves  have  not  apreed 
and  do  not  apree  at  the  present  time  as  to  which  Is  the  most 
valid  method. 

Insufficient  data  was  found  to  enable  one  to  prove  or 
disprove  the  hypothesis  presented  in  the  Introduction. 
Therefore  it  is  felt  to  be  true  that  the  use  of  actvsl  ex- 
periments conducted  by  experiment  stations  provide  the  most 
accurate  basis  for  determination  of  relative  feeding  values 
of  these  four  protein  feeds  for  the  different  classes  of 
livestock,        ' 

Table  26  has  been  presented  as  the  principle  conclusion 
of  this  study.   This  table  is  a  reproduction  of  Table  5  shown 
in  the  body  of  this  thesis. 

The  relative  feeding  values  presented  in  Table  26  show 
only  approximated  values,  since  no  attempt  has  been  made  to 
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Table  26.  The  relative  feeding  values  of  four  mtjor  plant 
protein  supplements  for  feeding  certain  classes 
of  livestock. 


Supple-  : 
nent    : 

Dairy 
cattle 

:   Older 
i   beef 
:   steers 

:  Beef 
:  calves 

:  Lambs8 

:  Wintering 
:   beef 
:   steers 

Soybean 

100 

100 

100 

100 

100 

meal 
Linseed 

100 

115 

120 

100 

95 

meal 
Cottonseed 

meal 
Soybeans 

95 

100 

100 
100 

100 
90 

100 
100 

105 
95 

a,4.hese  relative  feeding  values  for  fattening  lambs  are 
valid  when  legume  hay  is  fed  in  the  ration. 


average  experimental  results.   Therefore  the  suiaaary  figures 
shown  have  been  presented  as  being  as  near  as  possible  to 
the  actual  relative  value  of  the  feeds  for  the  five  different 
classes  of  livestock.   These  relative  feeding  values  are  felt 
to  be  as  accurate  as  the  experimental  results  themselves. 

A  further  conclusion  of  the  study  has  been  that  tnare 
are  certain  inconsistencies  in  the  experimental  results.  A 
number  of  contradictions  have  been  found,  some  of  these  of  a 
type  which  cannot  be  true.   It  has  been  concluded  that  further 
experiments  should  be  conducted  in  order  to  substantiate 
the  previous  results  and  to  clarify  those  situations  wnere 
conflicting  results  have  been  found. 

i'uture  experiments  should  be  designed  to  allow  accurate 
statistical  computation  of  relative  feeding  values. 
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The  purpose  of  this  study  was  to  provide  an  accurate 
and  simple  method  of  determination  of  the  most  economical 
supplement  to  purchase  at  any  particular  time.  This  has 
been  done  by  the  presentation  of  protein  supplement  substi- 
tution scales  derivod  fron  Table  26.  These  scales  have  been 
computed  from  the  relatii vc  feeding  values  shown  in  this  table 
and  are  based  on  the  feeding  experiments  presented  in  the 
review  of  literature  of  this  thesis.  They  can  be  used  to 
determine  the  protein  supplement  of  least  cost  in  accordance 
with  its  feeding  value.  It  is  assumed  that  these  supplements 
will  be  of  average  quality,  will  be  fed  in  recommended  amounts, 
and  will  be  used  to  supplement  an  otherwise  balanced  ration. 
These  scales  are  shoun  on  the  following  five  pages. 

Under  most  conditions,  one  of  the  protein  supplements 
will  be  lower  in  price  relative  to  its  feeding  value  than  any 
other  supplement.  These  scales  were  developed  to  assist  live- 
stock producers  in  deciding  which  protein  supplement  is  the 
lowest  in  price  relative  to  its  feeding  value. 

The  following  illustrations  explain  how  to  use  the  scales. 
Suppose  you  are  feeding  calves  on  a  full  feeding  ration  and 
you  are  going  to  buy  a  protein  supplement  to  supply  the  amount 
of  protein  which  is  needed  to  balance  the  ration.  You  know 
that  you  can  buy  soybean  meal  for  60  dollars  per  ton,  and  that 
you  can  purchase  linseed  meal  at  (h   dollars  per  ton.  The 
following  steps  explain  how  to  use  the  scales. 
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First,   find  the  scale  for  fattening  calves  on  page  99 
and  then  read  over  on  the  soybean  meal  line  to  $60  per  ton. 

Second,  place  a  ruler  or  a  straight  edge  verticle  to 
this  line  so  the  price  on  the  linseed  meal  line  can  be  read. 
This  is  about  $72  per  ton. 

This  means  that  linseed  meal  is  worth  $72  per  ton  when 
soybean  meal  is  worth  $60  per  ton.     In  this  example  with 
linseed  meal  selling  for  $(h  per  hundred  pounds  it  would  be 
much  more  economical  to  feed  the  linseed  meal  than  the  soy- 
bean meal.     This  same  procedure  may  be  followed  when  comparing 
prices  of  other  protein  supplements  or  when  feeding  other 
classes  of  livestock.1 


^Portions  of  the  wording  and  method  shown  above  were 
adapted  from!      Leonard  W.   Schruben,   and  R.  E.  Clifton,  Stain 
Substitution  ia  Feeding  Livestock,  Kansas  Experiment  Station 
Circular  Ho.   299. 
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Feeda  have  been  classified  by  animal  nutritionists  into 
three  main  groups.   They  are  roughages,  concentrates,  and  roots. 
A  part  of  the  group  known  as  concentrates  are  to  be  discussed 
in  this  paper.   The  concentrate  feeda  concerned  are  classi- 
fied as  high  protein  feeds  or  protein  supplements.   These 
protein  supplements  are  soybean  oil  meal,  linseed  oil  meal, 
cottonseed  oil  meal  and  soybeans.   A  protein  supplement  has 
been  defined  as  a  feed  which  is  added  to  the  livestock  ration 
for  the  sole  purpose  of  adding  the  nutrient  protein. 

The  problem  facing  the  livestock  feeder  is  the  deter- 
mination of  which  supplement  is  most  economical  to  buy  and 
feed.   It  has  been  shown  that  most  farm  rations  need  some 
supplementary  protein  to  balance  the  ration.   Under  average 
conditions  the  farm  livestock  ration  made  up  entirely  of 
farm  raised  feeds  does  not  contain  sufficient  protein  for 
maximum  growth  or  for  economic  production,  therefore,  to 
balance  the  ration  most  livestock  feeders  must  purchase  protein. 

Protein  supplements  are  normally  much  higher  in  price 
than  roughages,  roots,  or  grains.   Because  of  this  higher 
price,  even  though  only  small  amounts  are  normally  fed,  they 
make  up  a  rather  sizable  portion  of  the  cost  of  the  ration. 
Since  protein  supplement  purchases  amount  to  a  fairly  large 
expense  to  the  feeder,  it  is  important  to  select  the  most 
economical  feed.   Thus  a  need  is  shown  for  the  development 
of  a  choice  indicator  since  these  feeds  are  not  all  of  equal 
feeding  value  and  they  seldom  sell  for  the  same  price.  Any 
one  particular  supplement  may  be  worth  more  for  one  type  of 


livestock  than  for  another.   The  classification  of  these 
various  protein  supplements,  according  to  their  value  for 
the  different  species  of  livestock,  is  an  important  problem 
which  is  to  be  discussed. 

The  general  purpose  of  this  thesis  is  to  review  a 
number  of  previously  expounded  methods  of  comparison  in 
order  to  examine  their  value  as  guides  to  more  economical 
feed  buying. 

A  number  of  noted  animal  nutritionists  have  stated  that 
the  most  accurate  method  of  feed  evaluation  i3  one  which  uses 
actual  results  of  experiments  with  the  different  types  of 
livestock.   Therefore  the  hypothesis  which  has  been  presented 
is l   The  use  of  actual  experiments  conducted  by  experiment 
stations  provide  us  with  a  method  of  feed  evaluation  which 
is  most  accurate  due  to  its  closer  relationship  to  actual 
farm  feeding  conditions.   It  distinguishes  between  the  dif- 
ferent classes  of  livestock,  thus  making  it  more  specific 
than  other  methods. 

Thus  a  more  specific  purpose  is  to  determine  the  most 
accurate  method  of  protein  supplement  evaluation  and  to 
propose  relative  feeding  values  In  a  simple  form  which  can 
be  used  by  livestock  feeders  in  more  economical  feed  buying. 

Once  the  decision  has  been  made  as  to  which  of  the  methods 
proposed  is  most  accurate,  it  then  becomes  necessary  to  use 
this  method  in  comparison  with  actual  market  prices  to  determine 
its  accuracy  for  future  use  by  livestock  feeders.   The  relative 
feeding  values  proposed  plus  the  relative  prices  will  then 


provide  the  tools  necessary  for  decision  making  relative  to 
which  supplement  is  most  economical  at  any  particular  time 
for  any  particular  class  of  livestock. 

The  scope  of  this  paper  includes  only  the  determination 
of  the  relative  feeding  value  of  the  various  feeds  for 
ruminant  animals.   In  particular  those  are  dairy  cows, 
fattening  yearling  and  two  year  old  beef  cattle,  fattening 
beef  calves,  wintering  beef  cattle,  and  fattening  sheep. 

There  are  a  number  of  methods  of  protein  supplement 
evaluation  which  have  been  used.   These  ere  the  total  crude 
protein  method,  the  digestible  protein  method,  the  Morrison 
constant  method,  and  the  relative  feeding  value  method. 

The  total  crude  protein  method  constitutes  buying  the 
feed  with  the  lowest  cost  per  pound  of  total  protein  contained 
in  the  supplement.   This  method  is  relatively  simple  and  easily 
computed  but  it  does  not  take  into  account  the  amount  of  the 
protein  in  a  feed  which  can  be  utilized  by  the  animal. 

The  total  digestible  protein  method  constitutes  buying 
the  feed  with  the  lowest  cost  per  pound  of  digestible  protein 
contained  in  the  supplement.   The  amount  of  digestible  protein 
in  the  different  feeds  has  been  found  by  digestion  trials  and 
have  been  reported  as  digestion  coefficients.   These  digestion 
coefficients  are  multiplied  by  the  amount  of  total  protein  in 
a  feed  to  determine  the  amount  of  digestible  protein  it  contains. 

The  digestion  coefficients  were  determined  by  experiments 
with  feeding  beef  animals  and  lambs,  and  the  values  have  been 


assumed  to  be  the  same  "or  other  classes  or  livestock.   This 
assumption  may  not  necessarily  be  true. 

The  Morrison  constant  method  takes  into  account  the  other 
factors  in  a  feed  besides  its  protein  content.   Thus  both 
digestible  protein  content  and  net  energy  values  havo  beon  used 
for  this  arithmetic  computation  of  feeding  values.   This 
method  uses  the  digestible  protein  content  and  net  energy 
value  of  corn  and  soybean  meal  which  have  been  usei  as  the 
base  feeds.   The  value  of  other  feeds  are  related  to  their 
respective  digestible  protein  and  net  energy  values  In  rela- 
tion to  a  high  energy  value  feed  such  as  corn  and  a  high  pro- 
tein value  feed  such  as  soybean  meal.   Constant  values  were 
determined  by  Prof.  Morrison  of  the  Cornell  iixperiment  Station 
for  all  important  feeds  in  the  United  States. 

These  above  methods  are  more  or  less  arithmetic  computa- 
tions and  although  they  may  have  their  value,  there  is  a 
fourth  important  method  of  evaluation  which  uses  actual 
experimental  results  of  comparisons  of  protein  supplements 
for  the  different  classes  of  livestock. 

This  fourth  method  has  been  called  the  Relative  Feeding 
Value  Method.   Experiments  comparing  the  four  supplements  were 
reviewed  for  five  different  classes  of  livestock.   From  this 
review  of  literature  a  table  was  prepared  which  shows  the 
approximate  value  of  each  of  the  supplements  when  soybean  meal 
has  been  used  as  the  base  feed. 


Table  5.  The  relative  feeding  values  of  four  major  plant 
protein  supplements  for  feeding  certain  classes 
of  livestock. 


! 

:  Older 

i 

!  Wintering 

Supple-   : 

Dairy 

:  beef 

:  Beef 

:  iambs8 

:   beef 

ment      : 

cattle 

:  steers 

:  calves 

:   steers 

Soybean  meal 

100 

100 

100 

100 

100 

Linseed  meal 

100 

115 

120 

100 

95 

Cottonseed 

meal 

95 

100 

100 

100 

105 

Soybeans 

100 

100 

90 

100 

95 

aThese  relative  feeding  values  for  fattening  lejmbs  are 
valid  when  legume  hay  Is  fed  in  the  ration. 

The  values  shown  in  this  table  are  only  approximates 
since  no  attempt  has  been  made  to  average  the  experimental 
results.  An  average  of  experimental  results  would  possibly 
provide  a  more  accurate  figure.   But  this  averaging  can  only 
be  done  if  all  experimental  results  have  shown  the  same  ten- 
dency.  This  has  not  been  found  to  be  true.   Therefore,  the 
summary  figures  shown  in  the  table  have  been  presented  as 
being  as  near  as  possible  to  the  actual  relative  value  of 
the  feeds  for  the  five  different  classes  of  livestock. 

The  relative  feeding  values  have  been  compared  with  the 
average  price  relationships  between  each  of  the  two  feeds 
for  the  period  1932  to  19514-.   The  purpose  of  this  comparison 
was  to  determine  whether  prices  on  the  market  had  reflected 
the  relative  feeding  value  of  the  different  feeds. 

Kesults  have  shown  that  in  general  prices  have  not  reflected 
the  relative  feeding  value  except  for  the  comparison  of  soybean 


meal  and  cottonseed  meal.   Linseed  meal  comparisons  with 
both  soybean  meal  and  cottonseed  meal  have  snown  that  prices 
of  linseed  meal  were  somewhat  lower  than  the  relative  feeding 
values  indicated.   'Ihis  tends  to  shew  that  feeders  were  using 
protein  content  as  the  basis  for  protein  supplement  purcnasihg. 

Comparisons  of  all  three  protein  meals  with  soybeans 
showed  the  price  of  soybeans  was  normally  higher  than  their 
relative  feeding  value  indicated.   The  reason  for  this  situa- 
tion was  felt  to  be  due  to  the  value  of  the  oil  contained 
in  the  beans. 

Computation  of  the  least  cost  supplement  wa3  made  for 
each  month  of  the  two  years  19i|-9  and  19$l4-«   The  least  cost 
supplement  was  computed  by  the  four  different  methods  of 
evaluation  for  each  of  the  five  classes  of  livestock.   Since 
only  the  relative  feeding  value  method  shows  a  separate  result 
for  the  different  classes  of  livestock,  the  other  three  methods 
produced  the  same  least  cost  feed  for  each  type  of  livestock. 

The  prices  used  were  the  monthly  high  and  low  average  of 
daily  prices  on  the  Kansas  City  market  for  soybean  meal, 
linseed  meal,  and  cottonseed  meal.  For  soybeans  the  average 
monthly  prices  received  by  farmers  in  Kansas  were  used. 

The  computations  have  shown  that  for  certain  classes  of 
livestock  similar  results  were  obtained  by  all  four  methods 
of  evaluation.  For  other  classes  of  livestock  this  has  not 
necessarily  been  true.  Computations  for  fattening  lambs  have 
shown  greater  similarity  by  use  of  the  four  different  methods, 
than  they  have  for  fattening  both  calves  and  older  beef  cattle. 


The  conclusion  of  this  study  has  been  triat  while  each  of 
the  methods  have  some  validity,  there  has  been  no  general 
agreement  by  animal  nutritionists  as  to  the  one  specific  method 
which  has  been  most  accurate.   One  of  the  noted  authorities, 
in  particular  Frank  E.  Morrison,  makes  the  statement  that  us* 
of  actual  experimental  results  shows  most  accurately  the 
value  of  a  feed  for  a  particular  class  of  livestock.   This 
relative  feeding  value  method  is  based  on  actual  feeding 
experiments  and  therefore  if  the  experiments  have  been  accurate, 
should  provide  the  most  accurate  basis  of  feed  evaluation. 

Thus  it  has  determined  that  this  method  should  provide  for 
more  economical  feed  buying  than  any  of  the  other  three,  since 
they  do  not  distinguish  between  livestock  classes.  Therefore, 
it  has  been  recommended  that  the  relative  feeding  value  method 
of  protein  supplement  evaluation  should  be  used  in  determining 
the  least  cost  and  most  economical  feed  for  any  of  the  five 
classes  of  livestock. 

Conflicting  results  have  been  found  in  examination  of  feeding 
experiments.   It  has  been  recommended  that  further  experiments 
be  conducted  with  the  major  protein  supplements  to  substantiate 
the  previous  experimental  results  to  reduce  the  indecision  which 
can  and  has  occurred  due  to  these  contradictory  results. 

Protein  supplement  substitution  scales  were  produced  from 
the  table  on  relative  feeding  values.   By  the  use  of  these 
scales  the  livestock  producer  can  easily  determine  the  most 
economical  feed  for  his  specific  livestock  program  at  any 
particular  time. 


